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PREFACE. 


Thb  preseiit  work  is  designed  ezclnsiYely  for  the  use  of 
students  attending  Lectnres  on  Chemistzy,  and  is  more  parttea- 
larly  adapted  as  a  Text-book  for  my  own  Lectnres.  It  has  no 
pretensions  to  any  more  important  character ;  and  is  so  far 
from  being  intended  as  a  snbstitnte  for  any  of  the  larger 
elementaiy  works^  that  its  chief  yalne,  if  it  possess  any,  will 
be,  that  it  serves  as  an  introdnction  to  those  works. 

Every  teacher  of  Chemistry  mast  have  felt  the  want  of  a 
compact  text-book,  the  price  of  which  might  place  it  within 
the  reach  of  eveiy  student ;  and  it  is  the  long-felt  sense  of 
this  want  which  has  led  me  to  compile  these  outlines.  The 
importance,  to  beginners,  of  having  some  such  guide,  and 
some  such  help  to  the  memory,  cannot,  I  believe,  be  over- 
estimated. 

Some  apology,  or  explanation  at  least,  may  seem  to  be 
required  for  the  omission  of  certain  subjects,  usually  treated 
of  in  elementary  works  on  Chemistry.  I  allude  to  the  subjects 
of  Heat,  light.  Electricity,  and  Magfietism :  in  short,  to  the 
Imponderables.  It  is  not  without  ample  consideration  that  I 
have  taken  this  step. 

For  nearly  ten  years  past,  I  have  been  in  the  habit,  in  my 
lectures,  of  treating  these  subjects  very  briefly,  partly  because, 
in  my  opinion,  they  belong  almost  entirely  to  the  province 
of  Physics:  but  also,  and  diiefly,  because  the  enormously 
increased  extent  and  importance  of  Chemistry,  especially  of 
Organic  Chemistry,  rendered  every  moment  of  time,  in  a  course 
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of  lectures  which  at  best  could  be  bat  imperfect,  precious  in 
the  higheijt  degree. 

Since  I  had  the  honour  to  be  appointed  to  the  Chair  of 
Medicine  and  Chemistiy  in  the  UniTerdty  and  King's  College, 
Aberdeen,  in  1839, 1  have  altogether  discontinued  the  teaching 
of  the  above-mentioned  subjects  €u  regular  aections  of  the 
course;  and  have  only  taught  them  incidentally,  that  is, 
where  they  naturally  come  into  very  dose  connection  with 
Chemistry ;  and  by  this  means  I  have  been  enabled  to  devote 
about  three  months,  out  of  five  and  a  half,  to  Organic  Che- 
mistiy,  a  branch  of  the  subject  of  the  highest  importance  to 
medical  students,  and,  as  is  well  known,  of  daily  increasing 
interest  and  value,  &om  its  applications  to  physiology  and  to 
the  useful  arts.  I  am  inclined  to  believe  that,  if,  by  the 
omission  of  the  Imponderables  as  a  regular  part  of  the  course, 
anything  has  been  lost,  the  comparatively  fuU,  although  yet 
too  brief,  development  of  Organic  Chemistry  has  furnished 
more  than  sufficient  compensation. 

But,  in  truth,  the  Imponderables  are  now  very  generally,  as 
they  undoubtedly  ought  to  be,  taught  as  a  part  of  Physics  by 
the  lecturers  on  Natural  Philosophy,  so  that  the  teacher  of 
Chemistry  is  not  absolutely  required  to  do  more  than  to  explain 
their  most  important  bearings  on  Chemistry. 

It  IB  probably  on  account  of  such  considerations  that  the 
opinion  has  long  been  gaining  ground  among  teachers  of  Che- 
mistry, that  it  would  be  desirable  to  confine  their  attention 
more  particularly  to  matters  essentially  chemical,  than  to 
those  branches  of  Physics  which  are  in  some  measure  related 
to  Chemistry.  But  although  this  opinion  is  very  general,  the 
habit  of  teaching  these  branches  of  Physics  as  part  of  our 
courses  of  Chemistry  has  stall  continued  to  prevail ;  and,  con- 
sequently, the  appearance  of  a  chemical  text-book  without 
them  will  appear  to  many  a  novelty. 

I  wish  it  to  be  clearly  understood,  that,  in  omitting  these 
subjects,  I  am  not  actuated  by  any  doubts  as  to  their  great 
importance  and  value  to  the  chemist.    It  is  necessary  that  the 
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chemkt  should  be  well  acquainted  with  them,  at  least  in  so&r 
as  they  bear  on  his  own  science ;  bnt  it  is  impossible  for  the 
teacher  of  Chemistiy,  who  gives  a  fair  view  of  its  present 
state,  to  nndertake,  in  addition,  the  teaching  of  so  great  a  part 
of  Physics.  The  student  of  Chemistry  mnst  obtain  that  know- 
ledge elsewhere,  just  as  he  does  his  knowledge  of  arithmetic, 
mathematics,  or  mechanics,  all  of  which  are  highly  useful  to 
him,  but  which  the  chemist  is  not  expected  to  teach. 

The  present  work,  therefore,  is  to  be  viewed  as  giving  a 
brief  sketch  of  the  Chemistry  of  ponderaMe  mAtUmeet  cnlj^; 
and  with  the  experience  of  several  years  in  teaching  this  Che- 
mistry, with  only  occasional  and  incidental  references  to  the 
Imponderables,  I  venture  to  testify  that  this  method  of  in- 
struction in  Chemistry  has  many  advantages  over  the  old  one ; 
in  particular,  that  this  alone  oiables  the  teacher  to  do  justice 
to  Organic  Chemistry. 

The  reader  will  perceive  that  while  I  have  given  both  the 
rival  theories  of  the  constitution  of  Acids  and  Salts,  I  have 
indicated  a  decided  preference  for  the  new  one,  that,  namely, 
which  considers  all  hfdroUd  caygen  adds  as  really  l^^drogen 
aeids,  and  thus  unites  all  acids  into  one  series,  while  salts  are 
viewed  as  compounds  in  which  the  hydn^n  of  adds  is 
replaced,  whoUy  or  partially,  by  its  equivalent  of  metals. 

This  theory,  along  with  the  usual  view  of  adds  and  salts, 
will  be  found  minutely  illustrated  in  the  sections  vridch  treat 
of  the  adds  formed  by  sulphur  and  oxygen,  of  the  phosphoric 
adds,  of  salts  generally,  and  of  the  phosphates  in  particular. 

In  close  connection  with  the  theory  of  adds  and  salts,  stands 
the  doctrine  of  polybasic  adds,  which  in  the  present  state  of 
our  knowledge  appears  to  be  so  well  founded,  that  we  must 
admit  it,  and  so  simple  that  it  materially  £EM»litates  the  teach- 
ing of  what  would  oUierwise  be  most  complicated  and  difficult. 
This  doctrine  I  have  adopted  and  fully  illustrated  under  the 
heads  of  Phosphoric  Add  and  the  Phosphates.  But  while 
adopting,  on  these  points,  the  views  held  by  Professor  Liebig, 
I  agree  with  him  in  consideriog  them  not  as  permanently 
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established  trath,  bat  only  as  best  agreeiiig  with  the  fiicts  known 
to  osy  and  therefore  the  best  theoretioal  doctrines  within  cor 
reach,  although  likely,  nay,  certain,  in  process  of  time,  to  be 
modified  or  even  replaced  by  better,  the  natural  result  of  im- 
proved knowledge.  In  the  mean  time  they  serve  an  important 
pnipose ;  that,  namely,  of  enabling  as  to  syBtematise  or  classify 
oar  actual  knowledge,  and  thus  to  obtain  fresh  starting-points 
for  new  researches. 

There  is  one  more  feature  of  this  work  to  which  I  would 
direct  attention.  In  describing  chemical  processes,  or  chemical 
changes,  I  have,  as  a  general  rule,  added  to  the  verbal  descrip- 
tion a  representation  of  the  reaction  in  the  form  of  an  equation, 
exactly  as  I  am  in  the  habit  of  doing  in  my  lectures.  This 
method  I  have  found  most  advantageous,  and  it  gives  me 
great  satis&ction  to  find  that  Professor  Gmelin,  in  the  new 
edition  of  his  '^  Handbuch,*'  has  followed  exactly  the  same  plan. 
The  use  of  such  equations  enables  us  to  place  the  most  complex 
reactions  in  the  clearest  point  of  view ;  and  they  also  famish 
data  for  all  the  calculations  which  are  so  often  required  in  the 
laboratory.* 

The  brevity  with  which  Inorganic  Chemistry  has  here  been 
treated  has  enabled  me,  in  the  second  Part,  without  adding  to 
the  intended  size  or  price  of  the  work,  to  devote  to  Oiganic 
Chemistry  a  space  proportionate  to  its  importance,  and  to  the 
share  of  time  allotted  to  it  in  my  lectures. 

In  preparing  the  present  edition  of  the  Oiganic  Part,  I  have 
been  compelled,  although  but  a  short  time  has  passed  since  the 
first  edition  appeared,  in  consequence  of  the  rapid  progress  of 
the  science,  to  make  considerable  changes  in  several  important 
sections ;  of  which  I  may  specify  those  on  the  Oiganic  Bases, 
on  the  Albuminous  substances,  and  the  Nitrogenised  colouring 

*  Thoie  readeit  of  this  work,  among  the  stadente  of  the  UniTenity  of 
Edinburgh,  who  may  wish  to  perfonu  for  themselyes  the  experiments  and 
processes  described,  will  find  the  necessary  apparatus  and  materials,  and 
reasonable  charges,  in  the  establishment  of  Messrs.  Kmuf  &  Co.,  oppodte 
the  College. 
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matters.  In  other  sectioiu,  it  has  been  neceseaiy  to  make 
laige  additions,  as  has  been  done,  for  example,  in  treating  of 
the  Volatile  oily  adds,  of  the  derivatives  of  Benzoyle,  of  the 
derivatives  of  Uric  acid,  of  the  various  kinds  of  fermentation, 
of  the  artificial  organic  bases,  of  the  juice  of  flesh  and  its  con- 
stituents, and  in  several  other  instances;  the  added  matter 
extending  to  one-sixth  of  the  work. 

No  change  has  been  made  in  the  plan  of  the  work,  and  I 
trust  that  the  favourable  reception  which  it  has  met  with  may 
be  considered  as  proving  that  it  has,  to  a  considerable  extent, 
fulfilled  the  object  which  I  had  in  view,  namely,  to  provide 
the  student  with  a  compendious  and  portable  manual  of  the 
actual  state  of  the  science. 

WILLIAM  GREGORY. 

im  Nqv.^  1847. 


TO  THE  READER. 
♦ 
In  the  interval  between  the  printing  of  the  earlier  sheets 
of  Part  I.  and  the  later  aheets  of  Part  11.^  Chemiata  have 
pretty  generally  agreed  to  doable  the  equivalents  of  Phoa- 
phoros,  Arsenic,  and  Antimony.  The  reader  is  requested  to 
make  thia  alteration  in  the  equivalents,  and  also  to  substitute, 
in  the  formulse,  the  symbola  P,  As  and  Sb,  for  Pa,  Ass,  and 
Sb<,  wherever  the  latter  occur,  as,  for  example,  in  the  case  of 
phosphoric  acid.  Pa  Os,  which  ia  now  POc. 

W.  G. 
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Thb  world  in  which  we  live  is  fonned,  in  its  different  parts, 
of  a  number  of  distinct  kinds  of  matter,  amounting,  according 
to  the  present  state  of  oar  knowledge,  to  about  55.  These  are 
called  elements,  elementazy  bodies,  or  simple  substances. 

The  forms  of  matter  with  which  we  are  most  fsuniliar,  how- 
ever, are  not  elementary.  If  we  examine  the  matter  of  which 
a  rock,  a  tree,  an  animal,  the  atmosphere,  or  the  ocean  is 
respectively  composed,  we  shall  find  that  all  those  objects  may 
be  proved  to  contain  two  or  more  distinct  kinds  of  matter  ;  that 
is,  two  or  more  elements.  Where  this  is  the  case,  we  call  the 
substance  a  compound  body. 

A  compound,  therefore,  may  be  resolved  into  its  elements  ; 
whereas  an  element,  or  simple  substance,  cannot  be  made,  by 
any  means  yet  known  to  us,  to  yield  more  than  one  kind  of 
matter.  Brass,  which  is  compound,  may  be  resolved  into 
copper  and  anc ;  but  from  copper  or  zinc  we  can  obtain  only 
copper  or  zinc.  Vermilion  may  be  shown  to  contain  sulphur 
and  mercury ;  but  sulphur  can  only  be  made  to  jrield  sulphur, 
and  mercury,  mercury. 

But  when  we  call  any  substance  elementary,  or  simple,  we 
do  not  mean  that  it  is  certainly  or  essentially  so  ;  we  only  say 
that  hitherto,  in  our  hands,  and  exposed  to  all  the  various 
agencies  which  we  can  bring  to  bear  on  it,  it  has  yielded  only 
one  kind  of  matter,  or  element,  and  no  more.  In  the  early 
part  of  the  present  century,  the  alkalies  and  earths  were 
believed  to  be  elementary  bodies,  because  only  one  kind  of 
matter  had  ever  been  obtained  from  them ;  but  the  new  power 
of  galvanism  enabled  Davy  to  discover  that  all  these  bodies 
were  compound.  It  is  far  from  being  improbable  that,  in  the 
progress  of  diacovery,  several^  perhaps  many,  of  Uie  55  dements 
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which  we  are  now  compelled  to  admit,  may,  in  like  manner, 
proye  to  be  really  compound  bodies. 

Till  then,  however,  we  must  be  content  to  class  togeth^er,  as 
elements,  all  those  bodies  which  have  not  yet  been  resolved 
into  other  kinds  of  matter ;  and  of  these  nndecomposed  bodies, 
or  elements,  all  material  objects  are  constituted.  Here  follows 
the  list  of  the  elementary  bodies  at  present  admitted,  with  the 
abbreviation,  or  symbol,  which  is  nsed  for  each  element  placed 
after  the  name :— • 

ELEMENTa 


Ozjgen      . 

.    0 

Manganew  .         .        , 

Mn 

Hydrogen 

.    H 

Iron  (FeiTum)          .     . 

Fe 

Nitrogen     . 

.     N 

Cobalt 

Co 

Sulphur 

.    .    S 

Nickel    .... 

Ni 

Photphoms 

.    P 

Zinc    .... 

Zn 

Carbon  . 

.   c 

Cadmium        .         .    . 

Cd 

Chlorine     , 

.    CI 

Lead  (Plumbum) 

Pb 

Bromine 

.    Br 

Tin  (Stannum)         .     . 

Sn 

Iodine 

,    I 

Bismuth 

Bi 

Fluorine 

.    .    F 

Copper  (Cuprum)     .    . 

Cu 

Boron         .        . 

.    B 

Uranium      . 

U 

SiHcon    .        . 

.    .    Si 

Mercury  (Hydrargyrum) 

Hg 

Silver  (Argentum) 

Ag 

Selenium     , 

.    Se 

Palladium        •         •     . 

Pd 

Rhodium     . 

R 

PotMsinm  (Kalium) 

.     K 

Ruthenium? 

Sodium  (Natrium) 

.     .     Na 

Iridium       ... 

Ir 

Lithium      . 

.    L 

Platinum         .         .     . 

Pt 

Barium           . 

.    .     Ba 

Gold  (Aurum)     . 

An 

Strontium   . 

.     Sr 

Osmium          •        •    . 

Os 

Calcium 

.     .     Ca 

Titanium     . 

Ti 

Magnesium 

.     Mg 

Ta 

Aluminum     • 

.     Al 

Pelopium? 

Gludnum   . 

.     6 

Niobium? 

Yttrium 

.     Y 

Tellurium   . 

Te 

Zirconium  . 

.    Z 

Tungsten  (Wolfram)     . 

W 

Thorium 

.     Th 

Molybdenum        •        , 

Mo 

Cerium       « 

.     Ce 

Vanadium        .         .     . 

V 

Lantanium      • 

.     La 

Chromium    ... 

Cr 

Didymium  ? 

Antimony  (Stibium)      . 

Sb 

Erbium? 

Anenic 

As 

Terbium? 

(The  83rmbol8  or  abbreviations  are  in  every  case  taken  from 
the  Latin  names  of  the  elements,  so  as  to  be  nniversally  under- 
stood. Should  the  existence  of  the  new  metals,  discovered  by 
Mosander,  viz.  Didymiun,  Erbium,  and  Terbium,  as  well  as 
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of  those  announced  b^  Rose,  viz.  Pelopinm  and  Niobinm  ;  and 
of  the  metal,  Rathenmm,  found  by  Kiana  in  the  ore  of  Plati- 
anm,  be  eetabliahed,  the  nnmber  of  the  elements  will  be  61.) 

Of  the  abo>ve  list  of  elements,  about  14  constitute  the  |;reat 
inaas  of  our  earth  and  of  its  atmosphere.  The  remamder 
occur  only  in  small  quantity,  comparatiTely ;  while  nearly  a 
third  of  ihe  whole  number  is  so  rare,  as  not  to  admit  of  any 
useful  application. 

By  their  external  aspect,  the  elements  may  be  divided  into 
two  classes  ;  and  these  classes  are  also  found  to  possess  other 
distinctive  characters.  Thus  the  twelve  first  in  the  list, 
which  are  called  non-metallic  bodies,  or  metalloids,  are 
easily  distinguished  from  all  those  after  potassium,  inclusive, 
which  are  metals.  The  latter  possess  that  peculiar  brightness 
and  opacity  of  sur&ce  which  is  called  the  metallic  lustre,  of 
which  the  former  are  destitute.  Again,  the  metals  are  aJl 
found  to  be  excellent  conductors  of  heat  and  electricity, 
while  the  metalloids  conduct  these  influences  veij  badly, 
with  the  exception  of  charcoal,  which,  when  in  certam  states, 
conducts  electricity  almost  like  a  metal. 

Selenium  has  the  metallic  lustre,  and  is  by  some  considered 
a  metal ;  but  it  is  a  non-conductor  of  heat  and  electricity, 
and  in  all  its  chemical  relations  and  analogies  belong  to  the 
non-metallic  bodies. 

This  division  of  the  elements  is  of  great  use  in  fiidlitating 
the  study  of  chemistiy. 

The  elements  are  capable  of  combining  together,  metalloids 
with  metalloids,  metals  with  metals,  and  metalloids  with 
metals. 

When  two  elements  unite  together,  they  give  rise  to  a  new 
substance^  a  compound  of  the  two ;  and,  generally  speaking, 
the  compound  has  properties  entirely  distinct  from  those  of 
its  elements.  Thus,  sulphur  and  mercuiy,  a  yellow  earthy 
solid  and  a  white  fluid  metal^  unite,  and  give  rise  to  a  fine 
red  powder,  which  is  vermihon.  It  is  not  possible,  by  the 
eye,  to  distinguish  two  kinds  of  matter  in  the  vermilion,  any 
more  than  in  its  elements,  so  completely  haye  the  pro- 
perties of  those  elements  disappeared,  fiut,  by  chemical 
means,  we  can  prove  that  vermilion  contains  both  mercury 
and  sulphur.  These  elements  are  said  to  be  combined,  so  as 
to  produce  vermilion,  which  is  said  to  be  a  compound,  or  to  be 
composed  of  them.  In  such  a  case,  the  combined  elements  can 
no  longer  be  separated  mechanically  from  each  other.  They  are 
held  tc^ther  by  a  force  which  is  called  chemical  attraction,  or 
afflnUy^  the  xe^  nature  of  which  we  do  not  know.  It  resem- 
b2 
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blet  oofaesion,  since  it  holds  together  the  partides  of  m&tter : 
bat  while  cohesion  is  only  exerted  between  particles  of 
the  same  nature,  as,  for  example,  between  those  of  sulphur, 
or  between  those  of  vermilion,  afiinity  is  only  exerted 
between  particles  of  different  Jdnds  of  matter,  for  example, 
between  tne  particles  of  solphnr  and  of  mercoiy. 

By  aflSnity,  then,  we  understand  simply  that  force,  whaterer 
may  be  its  nature,  by  which  the  particles  of  one  elementary 
body  are  made  to  unite  with  those  of  another.  When  once 
united,  the  particles  of  the  compound  obey  the  laws  of  cohe* 
sion  exactly  as  if  they  were  simple  particles. 

It  is  the  object  of  chemistry  to  inyestigate  the  properties  of 
the  elements,  the  laws  which  regulate  their  mutual  acticms, 
and  the  nature  and  properties  of  the  compounds  which  arise 
from  their  union. 

Before  describing  the  individual  elements,  it  is  necessary  to 
explain  to  the  reader  certain  terms  and  phrases  of  veiy  frequent 
occurrence,  as  well  as  to  mention  the  general  laws  which  regu- 
late chemical  combination. 

CombifMtion  occurs  when  two  or  more  bodies  unite  together : 
decomposition  takes  place  when  bodies,  previously  united,  are 
made  to  separate  from  each  other. 

When  oxygen  enters  into  combination  with  any  other 
element,  the  compound  is  called  an  oxide ;  the  compound  of 
chlorine  with  any  other  element  is  called  a  chloride :  and  with 
bromine,  iodine,  and  fluorine,  we  have,  in  the  same  way, 
bromides,  iodides,  and  fluorides.  The  compounds  of  sulphur, 
phosphorus,  carbon,  selenium,  &c^  with  metals,  are  called 
sulpnurets,  phosphurets,  carburets,  seleniurets,  &c. 

When  a  compound  body  possesses  a  sour  taste,  reddens 
vegetable  blue  colours,  and  neutralkes  alkalies,  it  is  called 
an  acid.  If  composed  of  oxygen  united  to  a  metalloid,  such 
as  carbon,  or  a  metal,  such  as  chromium,  the  acid  is  simply 
named  from  the  metalloid  or  metal,  as  carbonic  acid,  chromic 
acid.  But  if  the  acid  contains  hydrogen  united  to  a  metal- 
loid, the  word  "  hydro"  is  prefixed ;  as  hydro>chloric  add 
adrogen  and  chlorine),  hydro-sulphuric  add  (hydrogen  and 
ohur),  &c. 

where  the  same  element  forms  with  oxygen  several  adds, 
they  are  distinguished  b^  their  terminations,  as  sulphuric  add, 
sulphurous  acid ;  the  aad  in  «c  always  containing  most  oxygen : 
but  where  new  adds  of  intermediate  composition  are  disco- 
vered, it  is  necessary  to  use  the  prefix  ''  hypo," — as  hypo- 
sulphurous  acid,  hypo-sulphuiic  add,  meaning  adds  containing 
Ij^Bs  oxygen  than  sulphurous  or  sulphuric  adds  respectively  ; 
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or  ''  hyper,"  as  h3rper-cliloTic  acid,  meaning  an  acid  containing 
more  oxygen  than  chloric  acid. 

When  a  compound  body  has  an  acrid,  nrinons  taste,  restores 
to  blue  the  colour  reddened  by  an  acid,  and,  above  aU,  if  it 
possess  the  property  of  neutralising  acids,  or  causing  their  acid 
properties  to  disappear,  it  is  called  an  alkali,  or  more  generally 
a  base,  or  a  basic  substance. 

We  have  sieen  that  oxygen  is  an  element  of  many  acids  ;  it 
is  also  an  element  in  most  bases.  Almost  all  the  metals  are 
capable  of  forming  one  base,  several  form  more  than  one  base, 
-with  oxygen.  These  bases  are  usually  called  oxides  of  the 
metal ;  and  where  there  are  two,  that  which  contains  least 
oxygen  is  usually  called  protoxide,  and  that  which  contains 
most  oxygen,  peroxide ;  as  the  protoxide  and  peroxide  of 
iron,  iui. 

Acids  and  bases  unite  together,  and  the  characteristic  pro- 
perties of  both  disappear.  They  are  said  mutualh^  to  neutralise 
each  other,  and  the  resulting  compound  is  called  a  salt.  If 
neither  the  acid  nor  base  be  in  excess,  the  salt  is  a  neutral 
salt ;  if  the  acid  predominate,  it  is  called  an  acid  salt,  or  a 
super-salt,  and  if  the  base  prevail,  it  is  called  a  basic  salt^  or  a 
suoHsalt.  The  salt  is  named  from  both  the  ingredients.  Thus, 
when  sulphuric  acid  neutralises  soda,  the  resulting  salt  is  called 
the  sulphate  of  soda ;  when  phos{>oric  acid  unites  with  lime, 
the  acid  being  in  excess,  the  salt  is  called  acid  phosphate  of 
lime,  or  superphosphate  of  lime ;  and  when  nitric  acid  unites 
with  oxide  of  mercury,  the  latter  being  in  excess,  the  compound 
is  called  basic  nitrate  of  mercury,  or  subnitmte  of  mercury. 

Besides  acids  and  bases,  there  is  a  third  kind  of  oxides, 
namely,  such  as  have  neither  add  nor  basic  properties.  They 
are  culed  indifferent  oxides,  and  sometimes  superoxides ;  as, 
for  example,  peroxide,  properly  superoxide  of  manganese. 

The  term  *'  radical"  is  applied  to  any  body  which,  by  uniting 
with  an  element,  can  give  nse  to  an  acid  or  a  base.  Most  of 
the  elements  play  the  part  of  radicals :  but  we  have,  b«ddes, 
compound  raaicaJs,  containing  two  elements,  like  cyanogen,  or 
even  three  or  more  elements,  like  benzoyle  or  kakodyle.  The 
compound  radicals  unite  with  elements,  just  as  if  they  were 
themselves  elementary.  Thus,  cyanogen  unites  with  hydrogen 
to  form  an  acid,  and  kakodyle  unites  with  oxygen  to  form  a 
base. 
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Thb  force  of  chemical  attraction,  or  affinity,  is  unequal  in  the 
ease  of  different  substances.  Thus,  the  affinity  between  potaa^ 
sinm  and  oxygen  is  more  powerml  than  tbiat  between  gold 
and  oxygen. 

The  capacity  of  one  body  to  unite  with  another  is  mainly 
effected  by  two  circumstances  ;  namely,  the  state  or  form  of 
the  sabstimces  in  question,  whether  solid,  liquid,  or  gaseous^ 
and  the  temperature  at  which  the^r  are  brought  together. 

Cohesion  tends  to  keep  the  particles  of  bcdies  in  close  prozi« 
mity,  while  the  tendency  of  heat  is  to  separate  them  from  each 
other.  When  cohesion  predominates  oTer  the  repulsion  due 
to  heat,  the  body  is  solid:  when  cohesion  and  repulsion  are 
exactlj^  balanced,  it  is  liquid ;  and  when  repulsion  predomi- 
nates^ it  becomes  gaseous. 

It  IS  obvious  that,  since  chemical  attraction  operates  between 
the  particles  of  different  bodies,  and  only  when  they  are  at 
infimtely  small  distances,  the  cohesion  between  the  paSrticles  of 
two  solid  bodies  respectively  must  impede  chemical  action  by 
preventing  the  sufficiently  close  approximation  and  intermixture 
of  the  particles  which  have  affimty  for  each  other.  Hence  the 
solid  form  is  most  unfavourable  to  chemical  action,  although, 
in  rare  cases,  the  power  of  affinity  is  sufficient  to  overcome  tne 
obstacle.  Thus,  phosphorus  and  iodine,  both  in  the  solid  form, 
act  powerfully  on  one  another. 

But  if  one  or  both  of  the  bodies  be  liquid,  the  particlea  of 
both  readily  come  so  near  as  to  admit  of  affinity  producing 
its  full  effect.  Thus,  bromine  acts  violentiy  on  phosphomsi 
although  the  latter  is  solid ;  nitric  acid,  in  uke  manner,  dia- 
solves  metals,  and  the  same  acid  acts  with  great  energy  on 
alcohol.  Indeed,  the  liquid  form  is  so  favourable  to  chemical 
action,  that  the  chemist  generally  endeavours  to  have  one  or 
both  of  the  substances,  ^ose  action  he  wishes  to  try,  in  that 
form. 
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Moreover,  when  two  solid  bodies,  u  is  genendly  the  case, 
refase  to  act  on  each  other,  it  is  commonly  sufficient  to  canse 
one  of  them  to  assume  the  liquid  fonn*  Ijiis  may  be  done  ia 
two  ways ;  either  by  applying  a  sufficient  heat  to  melt  it,  or  by 
diasolying  it  in  water  or  some  other  solyent.  Thus  inm  and 
sulphur,  when  mixed  in  the  solid  form,  do  not  combine ;  but  if 
the  sulphur  be  melted  by  heat,  rapid  combination  takes  place. 
Asain :  citric  acid  and  carbonate  of  soda  do  not  act  on  each 
other  when  dry  ;  but  if  water  be  added  to  the  mixture,  the  add 
dissolves,  and  brisk  action  ensues. 

It  is  evident  that  heat,  being  opposed  to  cohesion,  will 
promote  chemical  action  whenever  cohesion  or  the  solid  form 
IS  the  obstacle  :  and  this  is  the  source  of  the  immense  value  of 
heat  in  chemical  and  manufacturing  processes :  as,  for  example, 
in  the  smelting  of  metals  from  their  ores. 

But  when  cohesion  has  been  still  further  overcome,  and  the 
body  has  assumed  the  gaseous  form,  a  new  impediment  is 
offered  to  chemioEd  action.  The  particles,  by  the  predominance 
of  the  repulsion  due  to  heat,  are  now  so  fur  removed  from  each 
other,  as  not  to  come  readily  within  the  sphere  of  chemical 
affinity.  Hence,  two  bodies  m  the  gaseous  form  seldom  act  on 
one  another,  unless  their  mutual  attraction  be  very  strong,  as 
in  the  case  of  hydrochloric  acid  ^  and  ammoniacal  gas  ;  or  by 
the  aid  of  heat,  light,  or  electricity,  as  in  the  case  of  chlorine 
and  hydrogen  gases.  As  heat  is  here  the  cause  of  the  obstacle, 
the  appropriate  remedies  are  cold  and  compression,  which  tend 
to  brmg  tne  particles  nearer.  Heat  and  electricity  are  supposed 
to  act  oy  producing  compression  of  some  particles  in  conse- 
quence of  tne  expansion  of  others ;  but  heat  certainly  acts  also 
by  increasing  the  force  of  affinity. 

Even  where  only  one  of  the  bodies  is  easeous,  chemical  action 
is  much  impeded,  especiallj^  if  the  ouier  be  solid.  Still,  in 
many  cases,  solids  and  liquds  do  slowly  act  on  gases  ;  and  \y 
such  means  some  of  the  most  important  processes  in  the  oxganic 
kingdoms  are  carried  on :  as,  for  example,  the  respiration  of 
animals,  and  the  growth  and  decay  of  plants. 

In  some  cases,  as  in  that  of  hydrochloric  acid  gas,  the  affinity 
between  the  gas  and  water  is  so  powerfiol,  that  they  combine 
instantaneously  when  brought  into  contact 

There  are  ouer  cases  in  which  solid  bodies  at  the  ordinaiy 
tenipenture  are  incapable  of  combining  with  gases,  but  in 
which  a  high  temperature,  although  it  opposes  chemical  action 
by  its  tendency  to  remove  still  further  the  particles  of  the  gas, 
yet,  on  the  other  hand,  so  much  exalts  the  power  of  affinity  as 
to  be  the  most  poweifnl  promoter  of  combination.    The  effect 
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of  heat  in  cansmg  wood^  coal,  or  chaxeoal,  to  eombine  with 
oxjgen,  as  in  ordinary  combastion,  is  a  funiliar  example  of  this : 
and  as,  in  this  form  of  experiment,  the  combostion,  once  b^gon, 
produces  a  great  amount  of  heat  without  external  aid,  it  is  in 
this  manner  that  heat  is  obtained  and  rendered  available  for 
the  useful  purposes  above  alluded  to. 

A  gaseous  body,  which  under  ordinary  circumstances  will 
not  combine  with  another  substance,  may  be  made  to  do  so,  if 
presented  to  it  in  the  nascent  state,  that  is,  while  it  is  separate 
ing  from  another  solid  or  liquid  body.  Thus  hydrogen  gas,  if 
formed  in  contact  with  sulphur,  will  not  combine  with  it ;  but 
if  the  hydrogen  be  formed  by  the  action  of  an  acid  on  sulphuret 
of  iron,  the  sulj^ur  is  presented  to  the  gas  at  the  veiy  moment 
at  which  the  former  is  separating  from  the  iron,  (in  the  nascent 
state,  as  it  is  called,)  and  the  gas  which  is  now  disengaged  is  a 
compound  of  sulphur  and  of  hydrogen. 

It  sometimes  happens  that  the  combination  of  two  bodies  is 
promoted  by  the  presence  of  a  third,  which  does  not  combine 
with  either  of  the  two,  nor  even  with  the  resulting  compound. 
Thus,  if  oxygen  and  hydrogen  gases  be  mixed,  they  do  not 
eombine ;  but  the  contact  of  spongy  platinum  causes  their 
immediate  union,  although  the  metal  combines  neither  with 
oxyj^en  nor  with  hydrogen,  nor  with  water,  the  product  of 
their  combination. 

But  in  all  cases  where  the  third  body  has  a  powerful  affinity 
for  the  resulting  compound,  its  effect  in  promoting  combination 
is  very  ^;reat,  and  has  got  the  name  of  predisposing  affinity. 
Thus,  zinc  does  not  decompose  water ;  but  if  sulphuric  acid 
be  added,  the  water  is  decomposed,  its  oxygen  uniting  with  the 
zinc.  In  this  case,  according  to  the  usual  explanation,  the 
oxide  of  zinc  formed  unites  with  the  acid,  and  the  affinity  of 
the  acid  for  the  oxide  of  zinc  is  called  a  predisposing  affinity, 
as  if  the  acid  had  caused  the  formation  of  oxide  of  zinc  because 
of  its  affinity  for  that  oxide  when  formed.  In  truth,  however, 
all  the  changes  that  occur  are  strictly  simultaneous,  and  the 
phrase,  "  predisposing  affinity,*'  is  not  an  accurate  one.  It  is, 
however,  sufficiently  convenient  and  expressive  to  be  a  good 
deal  used  in  regard  to  similar  cases. 

When  two  bodies,  A  and  6,  are  in  combination,  the  force 
with  which  they  are  actually  held  together  is  not  dependent 
alone  on  their  mutual  affinity,  but  also  on  their  relative  mass. 
In  the  compound  ABB,  A  is  retained  by  a  greater  force  than  in 
AB.  This  is  the  result  of  the  increased  mass  of  B.  Or  we 
may  view  it  thus : — In  the  compound  AABB,  the  first  A  may 
be  removed  with  comparative  facility,  the  relative  masses  of  A 
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and  B  beiBg  eqitaL  But  after  the  remoyal  of  the  Unt  A,  the 
jDasn  of  B  is  relatiTely  doubled,  and  the  second  A  reqiiirea  for 
its  nmoval  a  mach  greater  force.  It  is  obvions  tbat,  con- 
Tcnely,  in  ABB,  the  second  B  is  less  forcibly  retained  than  the 
BinAB. 

When  a  body.  A,  is  i^resented  to  two  bodies,  B  and  C,  for  eadi 
of  vhidi  it  has  affinity,  although  unequal,  then,  if  nothing 
interfere,  A  will  divide  itself  between  B  and  C,  according  to  its 
affinity  far  each.  Bnt  the  effect  of  mass  is  seen  here  also ;  for 
if  the  mass  of  G,  the  body  for  which  A  has  least  affinity,  be 
much  larger  than  that  of  B,  then  the  division  will  be  no  longer 
in  the  ratio  of  the  affinities  to  A,  but  C  will  obtain  more,  and 
Blesa,ofA. 

When  to  a  oomponnd  body,  AB,  another  body,  C,  is  added, 
lafing  an  affinity  for  B,  both  combination  and  decomposition 
oeeor :  for  A  B  is  decomposed,  and  at  the  same  time  B,  which 
separates  from  A,  enters  into  combination  with  0.  It  does  not 
oftenhappen  thatthemereforceof  affinity  is  snfficientto  complete 
sndi  a  dunge,  bnt  sach  cases  do  occnr :  as  where  iron  acts  on 
a  salt  of  copper,  or  copper  on  a  salt  of  silver,  the  one  metal 
taking  the  olace  of  the  other,  and  the  latter  bong  entirely 
separated.  More  frequently  a  part  only  of  B  is  separated 
from  A  and  combines  with  C ;  and  thus  there  are  present,  at 
the  same  time,  the  compounds  AB  and  BC,  whUe  part  of 
A  and  of  C  exists  in  the  free  or  uncombined  state  along  with 


U  now  the  free  A  be  removed  from  the  mixture,  the  free  C, 
being  unresisted,  at  last  effects  a  complete  separation  of  A. 
The  mnoval  of  the  free  A  is  effected  either  when  that  body 
assnmfw  the  solid  form  by  virtue  of  its  great  cohesion,  or 
when  it  takes  the  fonn  of  gas  in  consequence  of  its  feeble 
cohesive  power,  or  of  the  application  of  heat.  The  precipita- 
tioo  oi  an  insoluble  oxide  by  a  soluble  alkali  is  an  example  of 
the  fonner  ;  the  formation  of  glass  by  the  fusion  of  silicic  acid 
with  carbonate  of  potash  is  an  illustration  of  the  latter  case. 
Smilar  cases  are  of  constant  occurrence. 

In  both  cases,  the  decomposition  is  the  more  easy  and  com- 
plete, the  larger  the  mass  of  the  decomposing  body  C  employed. 
And  horn,  this  follows  the  curious  fact,  tmit  if,  in  any  given 
ten^iatnre,  we  can  alter  the  form  or  the  mass  of  either  of  the 
bodies  which  act  on  one  another,  the  result  of  the  experiment 
is  fikewise  altered :  nay,  it  may  actuaUy  be  reversed.  Thus, 
if  oxide  of  iron  be  exposed  at  a  red-heat  to  a  current  of  hydro- 
gen gas,  the  oxide  is  decomposed,  its  oxygen,  with  the  hydrogen, 
faming  wit«r,  while  the  iron  is  reduced  to  the  metfdlic  state. 
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But  if  BOW  the  iron  be  heated  red  hot,  and  ezpoaed  to  a  current 
of  the  vapour  of  water,  the  water  is  decomposed,  its  oxygen, 
with  the  iron,  forming  oxide  of  iron  ;  while  the  hydrogen  is 
xednced  to  the  free  state. 

Decomposition  is  rendered  complete,  not  only  when  the  body 
A,  which  is  separated,  assumes  the  sold  form,  but  also  when  A 
remains  liquid  or  dissolved,  and  the  new  body,  BC,  takes  the 
solid  form,  or  is  insoluble.  Hence  the  nature  of  the  liquid,  in 
which  a  chemical  action  goes  on,  exerts  a  most  important 
influence  on  the  result  of  the  action. 

When  two  compound  bodies,  AB  and  CD,  act  on  one  another, 
both  decomposition  and  combination  occur.  When  complete, 
the  change  is  called  double  decomposition,  since  both  AB  and 
CD  are  decomposed  ;  but  at  the  same  time  the  two  new  com- 
binations, AD  and  CB,  have  been  formed.  Should  the  chan|pa 
be  only  partial,  the  four  compounds  AB,  CD,  AD  and  CB,  will 
be  present  together.  Double  decomposition  is  of  very  frequent 
occurrence. 

In  cases  where  a  compjound,  AB,  cannot  be  decomposed  b^  a 
body,  C,  even  with  the  aid  of  a  high  temperature,  the  addition 
of  a  fourth  body,  D,  if  it  have  an  affinity  for  A,  while  there  is 
an  affinity  between  C  and  B,  will  often  enable  us  to  accomplish 
the  decomposition.  Thus,  oxide  of  aluminum  cannot  be 
decomposed  by  charcoal  even  at  a  white-heat :  but  when  a 
current  of  chlorine  gas  is  passed  over  the  mixture,  the  chlorine, 
by  virtue  of  its  affinity  for  aluminum,  added  to  that  of  carbon 
for  oxy^n,  effects  the  decomposition,  and  we  obtain  chloride 
of  aluminum  and  oxide  of  carbon. 

When  a  compound  of  three  or  more  elements  is  exposed 
to  a  high  temperature,  the  elements  unite  to  form  such  new 
compounds  as  are  not  decomposable  by  the  temperature 
employed. 

if  such  a  compound  be  heated  alons  with  a  body  which  is 
capable  of  forming  with  some  of  the  elements  in  certain  pro- 
pK>rtions  a  more  fixed  compound,  the  remaining  elements  give 
rise  to  one  or  more  new  and  more  volatile  compounds. 

The  two  last  are  the  principal  laws  which  regulate  the 
phenomena  of  the  destructive  distillation  of  organic  substances. 

Such  are  the  most  important  facts  in  regara  to  the  circum- 
stances under  which  combination  and  decomposition  occur. 
We  now  come  to  the  subject  of  the  proportions  in  which  bodies 
combine  together,  or 

Combination  in  Definite  Proportions. 
.    The  experience  of  chemists,  derived  from  many  thousand 
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audym,  haft  established  the  following  laws  ;  which,  howeyer, 
axe  purely  the  expression  of  ascertained  fiLcts,  and  involve  no 
hypothesis  whatever : — 

1.  The  quantity,  by  weight,  of  the  body  B,  which  is  takes 
sp  by  a  given  weight  of  the  body  A,  to  pzt»diice  the  compound 
ABy  is  definite  and  unchangeable.  Thus  8  grains  of  oxygen 
are  invariably  taken  up  by  1  grain  of  hydrogen  (in  round  num- 
bers) to  prodace  water :  or,  in  other  words,  9  grains  of  water 
are  invariably  composed  of  8  grains  of  oxygen  and  1  of  hydrogen* 

2.  When  a  body  A  combines  with  a  body  B  in  more  propor- 
tions than  one,  pioducing  more  than  one  distinct  compound, 
the  quantity,  by  weight,  of  B,  which  is  united  to  the  same 
weif^t  of  A  in  the  different  compounds,  increases  according 
to  one  of  two  ratios.  According  to  one,  the  series  of  compoondi 
fanned  is — 

A  +  B,  Itt  oomponnd  .        .     B=l 

A  +  BB,  2nd    do.  B  =  2 

A-fBBB,  drd     do.        •  .        .     B=3 

A  +  BBBB,  401     do.  .                 B  =  4 

A4-BBBBB»  5th     do.   .    .  .        .    B  =  5 

According  to  the  other,  the  series  of  compounds  is— 

A  +  BBB,  Ist  compound   .  A  :  B  =  1  :  3 

A+BBBBB,       2nd     do.     .     .   A:B=1  :  5 
A+  BBBBBBB,  Sid     do.    .    .   A  :  B  =  1  :  7 

The  compounds  of  nitrogen  and  oxygen  offer  an  example  of 
the  fint  senes  of  multiple  proportions.  In  the  first  of  these 
compounds, 

14  gn.  of  nitrogen  are  united  witb  8  of  oxygen* 

I]it]ie2Dd.l4  „  „  „IS        „ 

n    SpI.    14  If  f,  M  24        „ 

„    4t]i.     14  „  „  „  33        „ 

„    5tlu     14  „  „  «  40        „ 

The  compounds  of  arsenic  and  oxygen  will  illustrate  the 
seeond  series.    In  the  first  of  these  compounds, 

75*4  gn.  of  anenic  ue  united  vitb  24  of  oxygen. 
lathe  2nd*    754  „  „  „    40        „ 

Here  the  quantities  of  oxy]gen  increase  in  the  ratio  of  3  to  5. 

3.  Hie  proportions,  by  weight,  in  which  bodies  combine,  are 
pnportioiial  to  each  other.  That  is  :  if  a  given  weight  of  A 
mute  with  weights  of  B  and  C,  which  are  to  each  other  as  3  to 
4,  fiv  example ;  then  if  a  fourth  body,  D>  unite  with  B  and 
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with  C  likewise,  the  weights  of  B  and  C  combined  with  D  will 
also  be  to  each  other  as  3  to  4. 

Thus,  100  grs.  of  potassium  unite  with  20*41  gn.  of  oxvgen ; 
100  grs.  of  potassium  unite  also  with  41*06  grs.  of  sulphur. 
Now  100  grs.  of  silver  unite  with  7*39  gn.  of  oxygen,  and  alsa 
with  14*88  grs.  of  sulphur.  According  to  this  law,  we  find 
that  7*39  :  14*88  : :  20*41  :  41*06 ;  or,  in  other  words,  that  the 
weights  of  oxygen  and  sulphur  which  unite  with  100  srs.  of 
silver  bear  to  each  other  the  same  proportion  as  the  weignts  of 
those  elements  which  combine  with  100  grs.  of  potassium. 

Another  consequence  of  this  law  is,  that  the  weights  of  two 
bodies  wluch  comoine  with  the  same  weight  of  a  third  body, 
will  also  represent  the  weidits  of  these  two  bodies  which  unite 
together,  if  they  are  capable  of  combination ;  or  if  the  propor- 
tions should  not  be  precisely  the  same,  they  will  be  found  ta 
be  multiples  or  submoltiples  of  those  weights. 

Thus,  8  grs.  of  oxygen  combine  with  1  grain  of  hydrogen  to 
form  water ;  and  .8  grs.  of  oxygen  combine  with  16  of  sulphur 
to  form  hyposulphurous  acid.  Now,  sulphur  and  hydrogen 
combine  together  to  form  hydrosulphuric  acid  ;  and  tliat  com- 
pound is  found  to  contain  sulphur  and  hydrogen  in  the  propor- 
tion of  16  grs.  of  the  former  to  1  grain  of  the  latter.  The  same 
elements  form  another  compound,  the  persulphuret  of  hydro- 

gen  ;  and  in  this  the  proportions  are  32  of  sulphur  to  1  of 
ydrogen.    Now  32=  16  X  2. 

If,  uerefore,  we  know  the  weights  of  two  bodies,  B  and  C, 
which  combine  with  a  ffiven  weight  of  A,  we  also  know  the 
relative  weights  in  which,  or  in  multiples  or  submultiples  of 
which,  B  and  C  will  combine  together. 

Now  oxygen  is  capable  of  uniting  with  all  the  other  elements, 
(save  perhaps  with  fluorine)  ;  and  therefore  if  we  ascertain  by 
experiment  the  weights  of  the  dififerent  elements  which  com- 
bine with  a  given  weight  of  oxygen,  the  weights  thus  obtained 
will  inform  us,  not  only  in  what  proportions  ^r  Uieir  multiples) 
these  elements  combine  with  oxygen,  but  also  in  what  propor- 
tions (or  their  multiples)  they  combine  with  each  other, 
provided  they  are  capable  of  doing  so. 

It  is  obviously  of  no  importance  what  number  we  select  to 
represent  the  standaid  weight  of  oxygen,  to  which  the  other 
elements  are  referred.  On  the  Continent  100  is  usually  taken, 
and  the  combining  numbers  of  the  other  elements  are  referred 
to  oxygen  as  100.  In  this  country,  for  the  sake  of  convenience 
in  calculation,  advantage  has  been  taken  of  the  fact  that  the 
combining  weight  or  number  of  hydrogen  is  the  smallest  of 
all,  and  hydrogen  has  consequenUy  been  made  the  standard. 
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with  the  number  1.  Now  as  1  of  hydro^n  is  fonnd  to  com- 
bine (in  water)  with  8  of  oxygen,  it  is  obvious  that  if  hydrogen 
be  represented  by  1,  oxygen  will  be  represented  by  8.  Again, 
on  the  Continental  scale,  oxygen  being  100,  hydrdcen  mnst  be 
>  f  0  =  12*5,  the  proportion  oeing  preserved  exactly  the  same. 
So  that  it  is  eqn^y  correct  to  say  that  water  is  composed  of 
100  m.  of  oxygen,  combined  with  12*6  of  hydrogen,  and  to 
say  uiat  water  consists  of  8  grs.  of  oxygen  ana  1  of  hydrogen* 
Both  scales  are  so  extensively  employed,  that  the  chemist 
ought  to  be  £Emiiliar  with  both,  and,  acconungly,  both  are  sub- 
joined. It  is  hardly  necessaiy  to  point  out  that  me  numbers  i^the 
scale  in  which  oxygen  =  100,  which  we  shall  call  the  oxygen 
scale,  may  be  easily  reduced  to  those  of  the  other,  or  hydn^en 
scale,  in  which  oxygen  =  8  by  dividing  the  fonner  Ij  12*5, 
and  that  conversely  the  numbers  of  the  hydrogen  scale  if  mul- 
tiplied by  12.5,  are  converted  into  those  of  the  oxygen  scale. 

The  numbeis,  then,  attached  to  the  names  of  the  elements 
in  the  subjoined  Taole,  are  the  results  of  experience,  and 
merely  represent  the  relative  weij^hts  of  the  elements  which 
(or  multiples  of  them)  combine  with  100  of  oimen  on  the  one 
scale,  and  with  8  of  oxygen  on  the  other.  In  this  work  we 
shall  use  the  numbers  of  the  hydrogen  scale  :  but  the  table  of 
the  other  scale  will  be  of  use  to  those  who  read  forei^  chemical 
works  ;  and  the  numbers  of  one  scale  may  at  any  tmie  be  sub- 
stituted for  those  of  the  other,  provided  we  do  not  mix  them 
up  together. 
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Tlie  nnmber  39,  attached  to  potassinm,*  expresses  the  fact 
that  39  grains  of  potassium  comoiiie  with  8  of  oxygen,  and  I^ 
of  salphnr :  8  and  16  heing  the  nmnhers  respectively  attached 
to  oxygen  and  salphnr. 

These  nnmheis  further  express  the  facts,  that  if  we  wish  to 
conrert  47  grains  of  oxide  of  potassium,  composed  of  39  of 
potassiam  and  8  of  oxygen,  intosulphuret  of  potassium,  16  grs. 
of  sulphur  will  he  required  to  displace  the  8  of  oxygen^  and 
will  give  55  grains  of  sulphuret. 

We  thus  perceive  that  16  grains  of  sulphur  are  the  equiva- 
lent of  8  grains  of  oxygen.  Hence  the  term  "  equivalent "  is 
Qted  as  synonymous  with  combining  proportion,  and  we  shall 
in  this  work  employ  the  term  equivalent  oy  preference. 

When  an  element  combines  with  oxygen  in  onl^  one  pro- 
portion, the  equivalent  of  that  element  is  the  weight  which 
combines  with  8  (or  on  the  other  scale  with  100)  of  oxygen. 
Or  we  may  calculate  the  equivalent  from  the  compound,  if 
there  be  one,  of  the  element  with  chlorine. 

Thus,  in  the  oxide  of  potassium  potash),  39  grs.  of  potassium 
are  combined  with  8  of  oxygen.  If  there  were  no  other  com* 
pound  of  potassium  and  oxygen,  we  should  take  39  for  the 
equivalent  of  potassium.  But  there  is  another  compound  of 
these  elements,  and  in  order  to  acauire  certainty,  we  refer  to 
the  compound  ^ere  is  but  one)  which  potassium  forms  with 
chlorine.  We  nnd  this  to  contain  39  grs.  of  potassium,  and 
36  of  chlorine ;  and  as  35  is  the  equivalent  of  chlorine,  we 
coQclnde  that  39  is  the  true  equivalent  of  potassium. 

Where  an  element  combines  with  oxygen  in  several  proper-- 
tions,  we  are  more  uncertain.  If  the  proportions  of  oxygen 
belong  to  the  series  of  simple  multiples,  the  equivalent  is 
usBalij  calculated  from  that  compound  which  contains  least 
omen,  assuming  that  to  contain  an  equivalent  of  oxygen. 

'Hins  nitrogen  forms  5  compounds  with  oxygen.  In  the  first 
14  grs.  of  nitrogen  are  combined  with  8  of  oxygen ;  in  the  fifth, 
14  gn.  of  nitrogen  are  united  with  40  of  oxygen.  Taking  the 
fotmer,  we  conclude  14  to  be  the  equivalent  of  nitrogen  ;  but 
if  we  selected  the  other,  then  the  equivalent  of  nitrogen  would 
neeessaiily  be  Ave  times  smaller.  On  the  ordinary  view,  we 
eonaider  the  fifth  compound  to  consist  of  one  equivalent  of 
]iitroeen=l4,  and  5  equivalents  of  oxygen=8  X  5=40.  But 
it  wiB  be  seen  that  this  is,  to  some  extent,  arbitrary  ;  and  that 
we  might  consider  the  fifth  compound  as  formed  of  one  equi- 
valent of  each,  and  the  first  as  composed  of  one  equivalent  of 
oxygen,  and  5  of  nitrogen. 

*  Here  the  firaetiona,  for  oonTenience,  are  omitted. 
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The  nsaal  Bjvtem  of  equivalents,  above  explained,  being 
consistent  and  uniform,  as  far  as  possible,  ia  very  convenient ; 
but  the  student  must  remember,  that  while  the  combining  pro- 
portions are  fixed,  it  is,  in  any  one  compound,  a  matter  of 
ariiyitrary  choice,  whether  it  be  viewed  as  containing  one  or 
more  equivalents  of  any  element. 

Avery  large  proportion  of  elements,  however,  combine  among 
each  other  accorduag  to  laws  so  simple,  that  when  we  have  as- 
sumed 8,  for  example,  to  represent  one  equivalent  of  oxygen,  we 
need  have  no  doubt  as  to  the  equivalents  of  the  other  elements. 

In  those  c<»npound8  of  one  element  with  two  or  three  pro- 
portions of  anoth^,  where  the  quantities  of  the  latter  are  not 
simple  multiples,  but  belong  to  the  series  3:5:7,  much 
greater  uncertainty  prevails  as  to  the  equivalents.  Thus, 
arsenic,  antimony,  and  phosphorus,  form  compounds  with 
oxygen,  chlorine,  and  sulphur,  belonging  to  this  latt^  series  ; 
and  chemists  are  not  fully  agreed  whether  they  ought  to  con- 
sider the  quantity  of  arsenic,  antimony,  or  phosphorus,  which, 
combines  with  3  or  5  equivalents  of  oxygen,  chlorine,  and  sul- 
phur, as  representing  one  equivalent,  or  two  equivalents.  The 
same  doubt  occurs  in  other  cases ;  and  we  are  guided,  in  audi 
instances,  chiefly  by  probabilities,  and  by  the  rule  to  avoid,  as 
much  as  possible,  fractiens  of  equivalents.  Thus,  if  we  sup- 
pose the  first  oxide  of  arsenic  to  contain  1  equivalent  of  aisemc, 
and  1  of  oxygen,  the  second  must  contain  1  equivalent  of 
arsenic,  and  1|-  equivalent  of  oxygen.  We,  therefore,  prefer  to 
consider  the  first  as  formed  of  2  eq.  arsenic,  and  3  eq.  oxygen  ; 
and  the  second  as  formed  of  2  eq.  arsenic,  and  6  eq.  oxygen. 
There  is  still  a  third  way,  by  wnich  also  fractions  may  be 
avoided  ;  and  that  is,  to  make  the  first  a  compound  of  1  eq. 
anienic,  and  3  eq.  oxygen ;  and  the  second  a  compound  of  I  eq. 
arsenic,  and  5  eq.  oxygen.  This  last  view,  however,  does  not 
in  many  cases  agree  so  well  as  the  preceding,  with  the  compo- 
sition of  the  other  compounds  of  the  same  element. 

It  is  to  be  observed,  that  whichever  view  is  adopted,  the 
facts  of  the  proportions  remain  unchanged.  It  is  only  the 
equivalent  of  arsenic  which  requires  to  be  altered. 

The  equivalent  of  a  compound  body  is  the  sum  of  the  equi- 
valents of  its  component  parts.  Thus,  potash  being  composed 
of  1  eq.  of  potassium,  39,  and  1  eq.  of  oxygen,  8,  its  equivalent 
is  39+8=47.  Sulphuric  acid  is  composed  of  1  eq.  of  sulphur, 
16,  and  3  eq.  of  oxygen,  24 ;  and,  consequently,  its  equivalent 
is  40=16+24  As  in  the  case  of  elementary  bodies,  ike  equi- 
valents represent  the  combining  proportions.  Thus,  the  neutral 
sulphate  of  potash  contains  47  gis.  of  potash,  and  40  grs.  of 
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ndphnric  acid.  The  law  of  multiples  also  applies  to  compound 
bodies ;  for  there  is  another  compound  of  sulphuric  acid  and 
potash,  the  hisulphate  of  potash,  in  which  47  grs.  of  potash  are 
combined  with  80  grs.  of  sulphuric  acid,  or  1  eq.  of  potash  with 
2  eq.  of  the  acid. 

The  use  of  equivalents  enables  us  to  define  more  accurately 
Bome  of  the  more  important  classes  of  compounds. 

Oxygen  adds  are  compounds  of  one  or  two  equivalents  of  the 
metalloids,  and  of  certain  metals,  with  two  or  more  equivalents 
of  oxygen. 

Oxygen  bases  are,  without  exception,  compounds  of  metals 
with  oxjgsa.  In  most  cases,  the  base  contains  1  eq.  of  the 
metal,  and  1  eq.  of  oxygen ;  in  a  few  bases  there  are  two  eq.  of 
the  muetal,  and  3  eq.  of  oxygen ;  and  in  one  or  two  there  are  two 
eqs.  of  metal  to  1  eq.  of  oxygen. 

A  neutral  salt  is  a  compound  of  1  eq.  of  an  oxygen  acid, 
with  1  eq.  of  a  base ;  or  a  compound  of  1  eq.  of  a  metal  with  1 
eq.  of  the  radical  of  a  hydrogen  acid.  Thus  neutral  sulphate 
of  potash  contains  1  eq.  of  sulphuric  acid,  and  1  eq.  of  potash ; 
while  common  salt  is  composed  of  1  eq.  of  sodium,  and  1  eq. 
gf  chlorine. 

A  hydrogen  acid  is,  in  almost  every  case,  composed  of  1  eo.  of 
hydrogen,  and  1  eq.  of  a  radical,  simple  or  compound.  Tnus 
hydrochloric  acid  is  composed  of  1  eq.  of  hydrogen,  and  1  eq.  of 
Torino  ;  and  hydrocyanic  acid  is  formed  of  1  eq.  of  hydrogen, 
and  1  eq.  of  the  compound  radical  cyanogen. 

The  equivalent  of  an  acid  is  that  quantity  which  will  form  a 
neutral  salt  with  one  equivalent  of  a  base ;  and,  in  like  manner, 
the  equivalent  of  a  base  is  that  quantity  which  forms  a  neutral 
•alt  with  one  equivalent  of  an  acid. 

The  equivalent  of  potash  is  47.  Now,  in  order  to  form  a  neu- 
tral salt  with  47  grs.  of  potash,  54  grs.  of  nitric  acid  must  be 
added  :  54  is,  therefore,  the  equivalent  of  nitric  acid.  Again, 
40  is  the  equivalent  of  sulphuric  acid ;  and  in  order  to  form  a 
neutral  salt  with  40  grs.  of  sulphuric  acid,  31  grs.  of  soda  axe 
required.  Hence,  31  is  the  eqmvalent  of  the  base,  soda  or  oxide 
(^sodium. 

Since  the  equivalent  of  a  compound  bodv  is  the  sum  of  the 
equivalents  of  its  constituents,  it  follows,  that  if  we  know  the 
equivalent  of  a  compound  and  the  relative  proportions  by  weight 
of  its  component  parts,  we  can  calculate  the  number  oi  equiva- 
lents of  each  element  contained  in  the  compound.  For  example, 
we  find  by  analysis,  that  100  grs.  of  hyposulphuric  acid  are  com- 
poeed  of  44*59  grs.  sulphur,  and  55*41  grs.  oxygen.  We  also 
find,  by  experiment,  that  the  equivalent  of  hyposulphuric  acid 
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is  72.  Now,  in  order  to  ascertain  the  number  of  equivalents 
of  sulphur  and  oxygen  contained  in  the  acid,  we  first  examine 
how  much  sulphur  and  oxygen  are  present  in  72  grs.  of  the  acid. 
It  is  clear,  that  if  100  grs.  contain  44*59  of  sulphur,  72  will  con- 
tain 32  of  sulphur ;  and  the  remainder,  40,  must  be  Gxymi. 
But  32  is  equal  to  2  eq.  of  sulphur,  the  equivalent  of  snl^nr 
being  16 ;  and  40  is  equal  to  5  equivalents  of  oirgen,  or  5 
times  8.  Hence  the  acid  in  question  is  composed  of  two  eq.  of 
sulphur,  combined  with  5  eq.  of  oxygen. 

The  rule  for  the  above  calculation  is  to  ascertain  the  propor- 
tions of  the  elements  in  the  equivalent  number  of  the  compound ; 
and  as  these  proportions  represent  respectively  the  sums  of 
the  equivalent  of  the  elements,  to  divide  the  numbers  bj  tiie 
equivalents.  In  the  above  case,  32  (the  proportion  of  siuphar 
in  72,  the  equivalent  of  the  acid)-Hl6=2  eq.  of  sulphur ;  and 
40  (the  proportion  of  oxygen  in  72  of  the  acid)-5-8=5  eq.  of 
oxygen. 

In  cases  where  we  have  ascertained  the  proportions  of  the 
elements  in  a  compound,  but  are  ignorant  of  its  equivalent  or 
combining  proportion,  we  cannot  determine  with  certainty  the 
absolute,  but  only  the  relative  number  of  equivalents  contained 
in  the  compound.  For  example,  it  is  shown  by  analysis  that 
100  grs.  of  sugar  of  milk  contain — 

Carbon     .....         40-45 

Hydrogen 6*61 

Oxygen 62-94 

10000 

But  as  sugar  of  milk  enters  into  hardly  any  combinations,  we 
cannot  ascertain  its  combining  proportion  or  equivalent,  and 
thus  it  is,  of  course,  impossible  to  tell  how  many  equivalents  of 
carbon,  hydrogen,  and  oxygen,  are  contained  in  1  eq.  of  sugar 
of  milk.  But  we  can  ascertain  the  relative  numbers  of  equiva- 
lents as  follows.  Divide  the  weight  of  carbon  in  100  piuls  of 
sugar  of  milk  by  the  equivalent  of  carbon,  which  is  6  :  40"45-*- 
6=6*74.  Next,  divide  the  weight  of  hydrogen  in  100,  which 
is  6*61,  by  the  equivalent  of  hydrogen,  which  ia  1  :  6*61-t-l= 
6-61.  Lastly,  divide  62'94,  the  weight  of  oxygen  in  100,  by  8, 
the  equivalent  of  oxvgen.  62-94-+-8=6-61.  Here,  then,  the 
relative  numbers  of  equivalents  of  carbon,  hydrogen,  and 
oxygen,  are  represented  by  the  numbers  6*74,  6'61,  and  6*61  : 
or,  making  allowance  for  the  unavoidable  errors  of  manipula- 
tion, there  is  an  equal  number  of  equivalents  of  each.  We 
cannot  say  whether  sugar  of  milk  contains  1,  2,  3,  4,  6, 12,  or 
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any  other  number  of  eqniTBlente  of  each  of  its  elements  ;  we 
only  know  that  if  1  eq.  of  sugar  of  milk  contains  6  eq.  of  6arbon, 
it  mnst  likewise  contain  6  of  oxygen  and  6  of  hydrogen. 

When  a  body,  A,  combines  with  B  and  G,  ana  the  number  of 
equivalents  of  B  and  of  G,  which  respectively  unite  with  1  or 
more  equivalents  of  A  is  e^ual^  the  compounds  A  B  and  A  G  are 
said  to  correspond  in  constitution,  or  they  are  called  correspond- 
ing compounds.  Thus,  1  e(}.  of  potassium  combines  with  1  eq. 
of  oxygen,  and  1  eq.  of  potassium  combines  with  1  eq.  of  chlorine, 
and  we  say  that  chloride  of  potassiumand  protoxide  of  potassium 
(potash)  are  the  corresponding  chlorine  and  oxygen  compounds 
of  that  metal. 

When  two  compounds,  A  B  and  G  D,  ren>ectively  consist  of 
an  equal  nuniber  of  equivalents,  thej  are  said  to  be  proportional 
compounds.  Thus,  oxide  of  notassium  contains  1  eq.  of  oxygen 
and  1  eq.  of  potassium ;  hydrochloric  acid  contains  1  eq.  of 
hydrogen  and  1  eq.  of  chlorine ;  and  we  say  that  the  composi- 
tion of  hydrochloric  acid  is  proportional  to  that  of  oxiae  of 
potassium  (potash). 

When  two  proportional  compounds  mutually  decompose  each 
other,  the  resulting  compounds  are  likewise  proportional ;  and 
we  have  a  complete  case  of  double  decomposition.  Thus  1  ea. 
hydrochloric  acid  and  1  eq.  oxide  of  potassium,  act  on  each 
other,  and  give  rise  to  water  (1  eq.  oxygen  and  1  eq.  hydrogen) 
and  to  chloride  of  potassium  (1  eq.  chlorine  and  1  eq.  potas- 
sium),  which  new  compounds  are  obviously  proportional.  Any 
excess  of  either  of  the  original  compounds,  beyond  Uie  1  eq. 
required,  remains  undecomposed,  and  mixes  with  the  new 
compounds. 

When  two  bodies  act  on  one  another,  which  are  not  propor- 
tional, they  may  do  so  in  the  proportion  of  one  equivalent  of 
each,  or  in  the  proportion  of  1  eq.  of  the  one  compound  to  2  or 
more  of  the  other. 

In  the  former  case  there  may  be  formed — 

1.  Two  new  compounds,  not  proportional  to  each  other  but 
corresponding  respectively  to  the  two  original  compounds,  or — 

2.  Two  new  proportional  compounds,  in  which  case  one  of 
the  elements  of  one  of  the  original  compounds  must  be  partially 
separated. 

We  may  thus  have 

1.  AB  +  CDDprodaang  AC  +  BDD 

or, 

2.  AB  +  GDD  producing  AG  +  BD  +  D 

In  the  latter  case  there  may  be  formed — 
o2 
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1.  An  eqnal  nnmber  of  new  compounds,  not  proportional^ 
bat  corresponding  to  the  original  compounds. 

8.  Two  new  compounds,  proportional  to  each  other,  in  which 
case  an  element  has  oeen  partially  separated. 

3.  Two  new  compounds,  not  proportional,  and  one  of  which 
does  not  even  correspond  to  either  of  the  original  compounds. 
Here  also  an  element  has  been  partially  separated. 

We  may  thus  have 

1.  A  -I-  5  B  and  5  G  D  producing  A  +  5  C  ud  5B  D. 

2.  A-l-2Buid2CD  producing  A  C,  2  B  D,  and  G. 

8.     A  -f  5Band5GDproducing  A -h  SG,5BDand2G. 

Numerous  examples  of  these  and  of  many  similar  modes  of 
decomposition  will  occur  in  the  course  of  this  work.  For  the 
present,  our  space  makes  it  necessaiy  to  confine  ourselves  to  the 
general  statements. 

Under  all  circumstances,  and  in  the  most  complicated  che- 
micaJ  changes,  the  composition  of  the  new  products  must  admit, 
when  expressed  in  equivalents,  of  a  distinct  relation  being 
traced  to  the  composition  of  the  compounds  from  which  these 
products  have  been  derived.  It  is  to  the  steady  application 
of  this  principle  to  the  investigation  of  the  complicated  de« 
compositions  of  orffanic  compounds,  that  we  must  ascribe 
the  amaziugly  rapid  progress  which  has  of  late  been  made  in 
or^rnic  chenustry. 

it  is  obvious  that  where  we  are  unable  to  trace  the  relation 
above  mentioned  between  the  products  and  the  substancea 
which  yield  them,  this  must  be  looked  upon  as  a  proof  that  we 
do  not  yet  fully  understand  the  changes  we  are  investigating ; 
and  that  we  are  either  mistaken  in  the  composition  which  oar 
analyses  lead  us  to  assign  to  one  or  more  of  the  new  compounds, 
or  have  overlooked  some  one  or  more  of  the  products  actually 
formed. 

The  laws  of  combination  which  have  been  briefly  indicated 
in  the  foregoing  pages,  have  been  deduced  from  accurate  obser- 
vation, and  are  nothing  more  than  an  abridged  expression  of 
£ftcts.  They  are  consequently  entirely  independent  of  any 
theoiy  or  explanation  of  their  causes  which  may  be  attemptedf. 
Neither  is  it  necessary  to  attempt  any  such  tneory  or  expla- 
nation, since,  for  all  practical  purposes,  the  facts  alone  are 
required. 

but  the  human  mind  is  never  satisfied  with  observing  and 
ascertaining  facts,  and  deducing  from  them  those  general  ex- 
pressions which  are  called  laws  of  nature.  Man  ever  strives 
to  account  for,  to  explain,  that  which  he  has  observed :  and 
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altboQfih  his  explanations  never  reach  the  essence  of  things, 
bnt  omj  enable  him  to  generalise  to  a  greater  extent,  and  to 
approach  somewhat  more  nearly  the  Great  First  Cause  of  all| 
■till  it  appears  to  be  a  law  of  his  intellect,  that  he  shall  never 


)  from  his  attempts  to  explain,  by  reference  to  some  simple 
principle,  the  complicated  phenomena  by  which  he  is  surrounded. 

The  facts  of  gravitation  are  well  known,  and  entitle  na  to 
admit  the  law,  that  all  material  bodies  have  a  tendency  to 
move  towards  each  other  with  a  force  which  is  proportional  to 
their  masses,  and  which  varies  inversely  as  the  squares  of  their 
distances.  To  acconnf  for  this,  we  are  in  the  habit  of  assnm-* 
ing  the  existence  of  a  certain  force  which  we  call  the  attrac** 
tion  of  gravitation.  But  we  know  nothing  of  the  nature  of 
this  force ;  and,  assuming  its  existence,  it  is  onlv  known  to  us 
by  its  effects.  Nor  does  the  assumption  enable  us  to  under- 
stand how,  in  fohat  way,  it  acts  in  attracting  masses  of  matter 
towards  each  other. 

But  if  we  assume  the  existence  of  such  a  force,  acting  ac- 
cording to  the  above  law,  then  we  can  deduce,  as  necessary 
inferences  from  these  data,  all  the  phenomena  which  have 
been  observed,  and  many  which  have  not  been  observed,  but 
which  we  are  thus  enabled  to  anticipate.  There  is,  therefore, 
an  obvious  advantage  in  assuming  the  existence  of  this  sup- 
posed cause,  as  we  are  thus  enabled  to  remember  and  to  classify 
the  phenomena  much  better  than  in  the  form  of  a  dry  cata- 
logue of  fiicts,  not  attached  to  any  common  idea. 

ify  in  like  manner,  we  seek  for  some  hypothesis,  which  shall 
account  for  the  facts  of  combination  in  definite  and  multiple 
proportions,  the  first  obvious  conclusion  is  that  the  cause  of 
these  phenomena  must  be  intimately  connected  with  the  me- 
chanical constitution  of  matter.  But  since  our  senses  are  not 
capable  of  directly  taking  co^isance  of  tiie  ultimate  physical 
constitution  of  matter,  and  since  the  ultimate  causes  of  natural 
phenomena  are  also  beyond  the  reach  of  our  senses,  we  must 
have  recourse  to  induction  from  facts,  or  to  some  hypothesis 
regarding  the  constitution  of  matter,  which  may  serve  to  ex- 
plain the  phenomena. 

Different  opinions  have  been  held  as  to  the  constitution  of 
matter ;  but  two  in  particular  have  prevailed.  According  to 
one,  matter  is  susceptible  of  being  divided  ad  if^nitwn :  ac- 
cording to  the  other,  matter  is  formed  of  particles,  which  are 
indeed  very  minute,  far  too  minute  to  be  cognisable  by  our 
senses ;  bnt  which  still  possess  a  definite  size,  and  cannot  be 
divided.     They  are  hence  called  atamt. 

Now  it  is  very  remarkable,  that  if  we  assume  the  latter 
view,  or  that  which  is  called  the  atomic  constitution  of  matter. 
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to  be  correct,  and  if  we  farther  assume  that  the  individual 
atoms  of  different  elements  possess  different  weights,  but 
always  the  same  weight  in  the  same  element,  we  can  from 
these  data,  deduce  all  the  facts  of  combination  in  definite  and 
multiple  proportions.  This  is  the  theoiy  proposed  by  Dalton 
— The  Atomic  Theory. 

No  other  hypothesis  hitherto  proposed  is  capable  of  explain- 
ing the  phenomena  ;  and  Uiererore  in  the  present  state  of  our 
knowledge,  and  until  a  better  explanation  shall  be  given,  we 
may  admit  the  atomic  theory.  It  is  to  be  observed,  nowever, 
that  we  have  no  positive  proof  of  its  truth,  nor  are  we  likely 
to  obtain  such  proof.  On  the  other  hand,  the  discovery  of 
any  fact  inconsistent  with  the  atomic  theoxy  would  compel  us 
to  reject  it,  even  if  we  had  no  other  theoiy  to  supply  its  place. 
But  whether  the  atomic  theoiy  be  admitted  or  not,  the  facts 
of  combination  in  definite  and  multiple  proportions  remain 
unaffected. 

Atomic  Thkort. 

According  to  the  atomic  hypothesis ,  therefore,  matter  is 
composed  of  certain  minute,  mdivisible  particles,  or  atonus ; 
and  consequently  cannot  be  divided  infinitelv.  We  may 
divide  a  mass  of  matter  to  a  very  great  extent,  hi  beyond  the 
point  at  which  our  senses  cease  to  be  able  to  follow ;  but  still 
there  is  a  limit  to  divisibility,  and  we  should  reach  that  limit 
if  we  succeeded  in  dividing  so  far  that  the  resulting  particles 
were  the  individual  atoms. 

Here  it  may  be  observed,  that  the  partisans  of  the  opinion 
according  to  which  matter  is  infinitely  divisible  argue  thus  : 
there  is  no  conceivable  particle  of  matter  so  small  that  we 
cannot  conceive  it  to  be  divided  into  two  halves,  and  so  on 
ad  infinUum :  therefore  there  is  no  limit  to  the  divisibility  of 
matter. 

Now  while  we  admit  that  there  is  no  limit  to  our  amceptwn 
of  the  divisibility  of  matter,  this  does  not  prove  that  there  may 
not  be  a  limit,  in  point  of  fact,  to  its  actual  divisibility.  For, 
let  us  consider  a  moment  what  division  really  is ;  and  we  shall 
find  that  it  can  only  be  defined  as  the  separation  of  one  portion 
of  matter  from  others.  Now  as  matter,  in  its  usual  forms, 
undoubtedly  consists  of  particles  held  together,  more  or  less 
firmly,  by  cohesion,  it  is  plain  that  we  can  easily,  by  overcom- 
ing cohesion,  separate  those  particles  from  each  other ;  and 
this  is  ordinary  division. 

But,  on  the  atomic  hypothesis,  each  of  these  visible  ordi- 
nary particles  is,  like  the  original  mass,  formed  of  still  smaller 
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particles  eoherizig  together,  but,  in  neither  case,  in  absolute 
contact.  Indeed,  the  phenomena  of  expansion  oy  heat,  and 
contraction  bj  cold,  demonstrate  that  the  particles  of  matter 
are  not  in  abaolnte  contact :  in  other  words,  an  ordinary  mass 
of  matter  may  be  defined  as  a  portion  of  tpaee  not  erUirefy 
tilled  wUh  matter. 

Let  na  now  define  an  atom  as  a  portion  of  space  entire^ 
filled  by  mattery  and  we  see  at  once  that  such  a  mass  cannot 
jMSsibly  admit  of  division.  It  is  strictly  a  nnit,  and  as  diyi« 
sion  implies  aeparation  of  one  nnit  from  another,  it  is  here 
evidently  impossible.  It  is  not  meant  that  we  can  prove  this 
to  be  tne  nature  of  atoms,  for  we  cannot  even  prove  their 
existence :  but  the  object  of  the  above  iUnstration  is  to  show 
that  we  can  conceive  the  existence  of  an  indivisible  particle, 
and  therefore  that  the  aipiment  above  described  in  &vour  of 
the  infinite  divisibility  of  matter  is  not  necessarily  conclusive. 

Such  a  particle  or  atom  as  has  now  been  defined,  or,  in 
other  words,  a  single  portion  of  matter  entirely  filling  the 
space  bounded  by  its  circumference,  cannot  be  cut  in  two,  like 
a  mass  of  matter,  for  there  is  no  interstice  into  which,  as  in 
ordinary  matter,  ^e  edge  of  a  cutting  instrument  can  pene- 
trate ;  and  it  cannot,  being  a  unit,  m  separated  from  itself. 
It  cannot  be  crushed  to  powder,  for  the  i^articles  of  a  powder 
existed  previously  as  distinct  particles,  m  the  solid  mass  of 
matter,  and  were  only  separated  by  the  force  employed.  It 
cannot  be  drawn  out  like  metal  into  wire,  or  beat  out  mto  thin 
leaves :  for  both  drawing  out  and  beating  out  are  merely  new 
arrangements  of  a  plurality  of  particles,  and  we  have  here 
only  a  unit. 

Moreover,  such  a  particle  or  atom  would,  in  all  probability, 
be  spherical,  since  no  reason  can  be  assigned  why  one  dimen- 
sion should  exceed  another.  It  would  no  doubt  be  onaque ; 
for  transparency  is  the  result  of  the  passage  of  light  tnrough 
the  vaoant  spaces  between  the  particles  of  matter  :  and  colour- 
less, because  colour  depends  on  the  action  of  the  particles  of 
matter  on  li^ht ;  and  it  would  be  perfectly  hard. 
'  In  short,  it  is  evident  that  we  can  imagine  indivisible  atoms 
to  exist ;  and  that  the  physical  properties  of  matter  are  not  in 
any  degree  inconsistent  with  the  idea  Uiat  it  is  made  up  of 
such  atoms. 

The  atomic  hypothesis  goes  on  to  assume  that  the  atoms  of 
the  different  elements  possess  different  weights,  but  that  those 
of  the  same  element  possess  invariably  the  same  weight. 

The  third  assumption  is,  that  when  one  element  unites  with 
another,  the  atoms  of  the  two  respectively  combine.  Thus, 
an  atom  of  A  combines  with  an  atom  of  B,  to  form  an  atom  of 
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the  componnd  AB.    Or  two  atoms  of  A  unite  with  three  atoms 
of  B,  to  form  an  atom  of  the  compound  A  ABBB. 

A  distinction  most  here  be  made  between  simple  or  element 
tary  atoms  and  compound  atoms.  It  is  obvious  that  an  atom 
of  AB,  if  it  contain  an  atom  of  A  and  an  atom  of  B,  may  be 
decomposed,  and  A  separated  from  B.  AB  is,  therefore,  not 
an  atom  in  the  fullest  sense  of  the  word.  But  A  cannot  be 
separated  from  B  by  mechanical  means,  or  otherwise  than  by 
chemical  agency ;  so  that,  in  a  mechanical  sense,  A  B  is  an 
atom,  although  a  componnd  one.  A  mass  of  the  componnd 
AB  is  made  up  of  mechanically  indivisible,  but  chemically 
divisible,  particles  of  AB,  each  of  which,  although  it  may  b!e 
called  an  atom,  contains  an  atom  of  each  of  the  elements. 

The  ahsoltOe  weight  of  the  atoms  of  the  different  elements 
is  altogether  unknown.  If,  indeed,  we  had  any  means  of  ascer- 
taining the  number  of  atoms  in  a  given  weight  of  any  element, 
in  one  grain  for  example,  we  should  know  tiie  actual  weight  of 
each  atom ;  but  this  is  for  the  present  beyond  our  power. 

But  we  know  the  relative  weights  of  two  elements  which 
combine  to  form  a  given  compound ;  and,  therefore,  if  we 
assume  that  the  compound  contains  one  atom  of  each  element, 
we  know  at  once  the  relative  weights  of  the  atoms  of  those 
elements.  Thus,  8  grs.  of  oxygen  unite  with  1  gr.  of  hydro^ 
to  form  9  grains  of  water ;  and  we  assume  that  water  contains 
1  atom  of  each  element,  or  an  equal  number  of  atoms 
of  each.  In  that  case  it  is  clear  that  the  relative  weights  of 
the  single  atoms  must  be  the  same  as  those  of  what  are  as- 
sumed to  be  equal  numbers  of  each;  and,  consequently,  1 
atom  of  oxygen  will  be  eight  times  heavier  than  1  atom  of 
hydrogen.  If  the  8  grs.  of  oxygen  contain  8,000,000  of  atoms, 
then  1  atom  of  oxygen  would  weigh  ippgooo  o^  s  grain,  and  1 
atom  of  hydrogen  moippp  of  a  grain.  But  although  we  shaU 
most  probably  never  know  the  actual  number  m  a  given 
weight,  or  the  absolute  weight  of  the  atoms,  we  are  not  the 
less  sure  that,  if  matter  be  composed  of  atoms,  differing  in 
weight  for  each  element,  and  if  water  be  formed  by  the  union 
of  an  equal  number  of  atoms  of  oxygen  and  hyarogen,  then 
1  atom  of  oxygen  must  be  8  times  heavier  tmm  I  atom  of 
hydrogen. 

These  numbers,  then,  express  merely  the  relative  weights  of 
these  atoms :  on  the  above  assumptions,  8  represents  the 
weight  of  an  atom  of  oxygen,  if  an  atom  of  hydrogen  be  sup^ 
posed  to  weigh  1 :  and  1 25  will  represent  the  weight  of  an 
atom  of  hydrogen,  if  an  atom  of  oxygen  be  supposed  to  weigh 
100.  It  is  evident  that  any  other  numbers  might  be  used, 
provided  the  ratio,  in  this  case  that  of  8  to  1,  were  kept  up. 
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It  IB  DOW  easy  to  see,  tliat  the  atomic  hjrpothesia,  if  assamed, 
at  <nce  explains  all  the  facts  of  combination  in  definite  and 
nmltiple  proportions.  As  has  already  been  remarked,  no  other 
hypotiiesis,  yet  proposed,  is  capable  of  doing  this ;  and,  there* 
fore,  while  we  must  not  lose  sight  of  the  fact  that  the  atomic 
bypothesis  has  not  been,  and  indeed  probably  never  will  be, 
demonstrated  to  be  true,  we  are  justified  in  adopting  it,  until 
it  shall  be  proved  to  be  false,  or  until  a  better  one  shall  be 
proposed  in  its  stead. 

It  will  be  observed  that  the  weights  of  the  atoms,  or  atomic 
weights,  as  they  are  termed,  coincide  with  the  equivalent 
nombers  previously  given.  When,  therefore,  the  term  atomic 
wei|^t  is  uned,  it  is  not  as  implying  the  established  truth  of 
the  atomic  theory,  but  only  as  a  convenient  s3monym  for  the 
tenn  equivalent,  or  for  that  of  combining  proportion.  Which- 
e?er  name  we  use,  it  must  never  be  forgot  that  the  facts  remain 
unchanged,  and  are  independent  of  all  hypothesis.  9  grains  of 
water  invariably  contain  8  of  oxygen  and  1  of  hydrogen, 
whether  we  speak  of  the  combining  proportions,  the  equivalents, 
or  the  atomic  weights  oCoxygen  and  hydrogen  being  represented 
bj  the  numbers  8  and  1.  The  two  former  expressions  have 
the  advanta^  of  simply  expressing  the  fact  without  any  allusion 
to  hypothesis,  and  are,  therefore,  strictly  speakinff,  preferable : 
but  the  latter  is  much  used,  and  may  safely  be  employed 
when  properly  defined. 

In  this  countij,  the  terms  equivalent  and  atom  have  been 
from  the  beginning  held  to  be  entirely  i^nonymous.  On  the 
Continent^  this  has  not  been  the  case :  for  the  equivalent  of 
many  elements,  such  as  hydrogen,  chlorine,  &c.,  has  been  there 
asBQiDed  to  contain  2  atoms ;  and  hence  the  atomic  weight  of 
hydn^n,  for  example,  has  been  on  the  Continent  one  half  of 
that  adopted  here. 

This  IS  a  matter  which  is,  to  a  great  extent,  arbitrary,  and 
only  affects  the  mode  of  viewing  and  representing  the  compo- 
Qtion  of  certain  compounds.  Thus  Continental  chemists,  ad- 
mitting as  we  do  that  0  grains  of  water  contain  8  of  oxygen 
and  1  of  hydrogen,  consider  water  to  be  composed  of  1  atom  of 
oxygen  and  2  atoms  (=  I  equivalent)  of  hydrogen  ;  they,  con- 
sequently, give  to  hydrogen  the  atomic  weight  of  0*5,  that  of 
OKvgen  hemg  8 ;  or  6*25,  that  of  oxygen  being  100. 

It  is  not  easy  to  decide  whether  water  be  composed  of  1  atom 
of  each  element,  or  of  1  atom  of  oxygen  to  2  atoms  of  hydrogen. 
Bat  as  both  parties  afpree  that  water  contains  1  equivalent  of 
each  element,  it  is  obvious  that  the  system  adopted  in  Britain, 
by  which  equivalent  is  made  entirely  synonymous  with  atom, 
has  the  very  great  advantage  of  superior  simplicity :  and  that 
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system  will,  therefore,  be  followed  in  this  work.  Within  the 
last  year  or  two  several  of  the  most  distinguished  chemists  oo 
the  Continent  have  adopted  the  British  system  in  this  respect, 
and  there  is  little  doubt  that  it  will,  ere  long,  become  nni- 
Tersally  prevalent. 

The  table  of  equivalents,  formerly  given,  is  therefore,  at  the 
same  time,  a  table  of  atomic  weights.  It  is  now  time  to  give 
roles  for  the  use  of  that  table,  and  particularly  for  the  use  of 
the  abbreviations  or  symbols  there  attached  to  the  elements^  in 
the  construction  of  formula. 

Chemical  Symbols  and  Formula. 

These  have  nothing  in  common  with  algebraical  symbols  and 
formulsB.  They  are  mere  abbreviations,  and  are  intended  to 
express  onl^  the  arithmetical  operations  of  addition  and  subtxac- 
tion.  Various  systems  have  been  given  to  the  world  :  but  that 
which  has  finally  obtained  the  most  extensive  cuirency  among 
the  chemists  of  the  day,  is  one  proposed  by  Liebig  and  Poggen- 
dorff,  which  we  now  proceed  to  explain. 

The  symbol  of  an  element,  standing  alone,  signifies  1  atom,  or 
equivalent,  of  the  element.  Thus  0  stands  for  1  atom  of  oxygen, 
H  for  1  atom  of  hydrogen,  and  Fe  for  1  atom  of  iron  (ferrum). 

A  symbol,  with  a  small  figure  below  and  to  the  right,  signifies 
as  many  atoms  of  the  element  as  the  figure  expresses.  Thus 
0,  means  2  atoms  of  oxygen,  S, ,  5  atoms  of  sulphur. 

Two  symbols  joined  by  Uie  sign  4-)  or  simply  placed  together, 
signify  a  compound  of  1  atom  of  each  element.  Thus  H  -|-  O, 
or  simply  H  0,  means  water,  a  compound  of  1  atom  hydrogen, 
and  1  atom  oxygen. 

If  a  figure  be  attached,  as  above,  to  either  or  both  symbols, 
it  multiplies  that  svmbol  only  to  which  it  is  attached.  Thus 
Mn  0,  IS  the  symbol  for  peroxide  of  manganese,  a  compound 
of  I  eq.  manganese  and  2  eq.  oxygen.  Cu,  0  is  the  symbol 
of  suboxide  of  copper,  composed  of  2  eq.  of  copper  and  1  eq. 
oxygen.  Fe,  O3  is  the  symbol  of  peroxide  of  iron,  which 
contains  2  eq.  of  iron  and  3  eq.  of  oxygen. 

When  a  compound,  formed  of  two  or  more  compounds,  is  to 
be  expressed,  the  compounds  which  combine  are  joined,  either 
by  a  -f  Sim  or  by  a  comma.  Thus  H 0  +  SO  or  H  O, SO, 
both  signi^  hydrated  sulphuric  acid,  a  compound  of  1  eq.  water 
and  1  eq.  dry  sulphuric  acid. 

A  large  figure,  printed  on  the  same  level  as  the  symbol,  and  to 
the  left  of  it,  multiplies  every  symbol  as  far  as  the  next  comma, 
or  the  next  +  sign ;  or  it  multiplies  all  within  brackets  if  placed 
before  them.  Thus  2  HO  means  2  atoms  of  water,  2S0„K0, 
H  0  represents  bisulphate  of  potash,  a  compound  of  2  eq.  sulphn- 
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ric  acid,  1  eq.  potash,  and  1  eq.  water.  It  might  also  be  written 
2  SO  +  KO  +  H O.  But  the  following,  2  (SO,,  KO,  HO) 
would  signify  2  eq.  of  a  compound  which  was  formed  of  1  eq. 
snlphoric  add,  1  eq.  potash,  and  1  eq.  water. 

When  acompoond  contains  3  or  more  elements,  the  symbols 
are  written  simplj  one  after  the  other,  with  the  necessary 
figures.  Thus,  sugar  is  represented  by  C ^ ,  H ,  „  O,  ^  :  that  is 
12  eq.  carbon,  10  eq.  hydrogen,  and  10  eq.  oxygen.  Alcohol 
isC   H,0,. 

If  we  wish  to  show  that  any  compound  of  three  or  more 
elements  really  contains  two  compounds,  it  is  expressed  in  the 
followinff  manner :  alcohol,  C^  H^  0„  when  viewed  as  a  com- 
pound of  ether  and  water  becomes  C^  H,  0+  HO.  Benzoic 
ether,  C, ,  H,  „  0^  becomes  C,  ^  H,  0,  (benzoic  acid)  +  C^ 
H    0  (ether). 

In  this  way  we  find  it  quite  easy  to  express  in  symbols  the 
composition  of  the  most  complicated  substances.  For  ex- 
ample, crystallised  alum  is  composed  of  1  eq.  neutral  sulphate 
of  potash,  1  e<|.  tersul^hate  of  alumina,  and  24  eq.  of  water 
of  ciystaliisation.  Tlus  is  expressed  in  symbols,  as  follows : 
KO,  80,  +  Al^O,,  3SO,  +  24  HO. 

And  this  abbreviated  expression  contains,  in  a  line,  in  addition 
to  the  general  information  concerning  alum  printed  above, 
more  inrormation  as  to  details  than  could  be  given  in  a  page 
of  print.  It  infonns  us,  for  example,  that  alum  contains  4  eq. 
sulphuric  add,  of  which  1  is  combined  with  1  eq.  of  potash, 
ana  3  with  1  eq.  of  alumina :  that  alumina  is  a  ses<)uioxide  of 
aluminum :  that  1  eq.  alum  contaixu  1  eq.  potassium,  2  eq. 
aluminum,  4  eq.  sulphur,  24  eq.  hydrogen,  and  40  eq.  oxygen, 
kc.  &c.  frc. 

There  are,  besides  the  direct  information  thus  conveyed  by 
symbok,  two  most  important  uses  to  which  they  are  applied. 

The  first  is,  to  render  easily  intelligible  the  view  taken  by  a 
writer  of  any  chemical  change,  however  complicated.  This  is 
done  by  means  of  a  formula  or  equation  :  in  which  all  that  is 
essoitial  is,  that  the  sum  of  the  various  symbols  should  be  the 
same  on  both  sides.  Thus,  to  take  an  example  previously 
described  in  words  (at  p.  19),  the  action  of  oxide  of  potassium 
on  hydrochloric  add.  This  is  expressed  in  a  formula  aa 
follows : 

KO  +  HC1=H0  +  KCL 
Here  the  symbols  on  the  left  are  those  of  the  bodies  which  act 
on  each  other,  oxide  of  potassium  and  hydrochloric  add :  while 
those  on  the  right  are  the  symbols  of  the  new  compounds 
produced,  water  and  chloride  of  potassium. 
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Or,  to  take  a  more  complicated  case. 
Sugar,  C, ,  Hi  0,  o,  when  acted  on  by  6  eq.  of  h3rperman- 
ganate  of  potash,  KO,  Mn,  0„  gives  rise  to  6  eq.  of  oxalate  of 
potash,  KO,  G,  0„  12  eq.  of  peroxide  of  manganese,  Mn  0,, 
and  10  eq.  of  water.  All  this  is  briefly  and  clearly  expressed 
by  the  equation 

C.,H      O,,  +  6(K0,Mn,0,)  = 
6  (KO,  6,  O,)  +  12  Mn  O,  +  10  HO. 

The  second  Yeiy  important  use  to  which  these  equations  are 
applied  is,  that  of  calculating  the  quantities  of  tne  different 
substances  which  must  be  employed,  in  order  to  operate  as 
economically  as  possible,  and  likewise  the  weight  of  the  pro« 
ducts  which  ought  to  be  obtained.  Thus,  in  the  last  example, 
we  wbh  to  know  what  proportions  of  sugar  and  hyoerman* 
ganate  of  potash  ought  to  oe  used,  that  nothing  oi  either 
should  be  wasted :  and  also  how  much  oxalate  of  potash, 
peroxide  of  manganese  and  water  will  be  obtained.  By  means 
of  the  above  equation,  and  the  table  of  atomic  weights,  we  can 
easily  make  all  these  calculations.  Since  the  equivalent  or 
atomic  weight  of  a  compound  is  the  sum  of  those  of  its  ele- 
ments, it  is  obvious  that  the  equivalent  of  sugar  is  equal  to  the 
sum  of  12  eq.  of  carbon  -f  10  eq.  hydrogen  +  10  oxygen. 
Now  by  the  table,  the  equivalent  of  carbon  is  6,  that  of  nj-* 
drogen  1,  that  of  oxygen  8.  Hence  the  equivalent  of  sugar 
is=  6  X  12  +  1  X  10  4-  8  X  10  =  72  +  10  +  80=  162. 
In  like  manner  the  equivalent  of  h3rpermanganate  of  potash  ia 
found  to  be,  in  round  numbers,  160.  For  every  162  parts, 
therefore,  of  sugar,  we  must  employ  6  times  160  =  960  parts 
of  hypermanganate  of  potash.  The  whole  materials  employed 
amount  to  1122. 

On  the  other  hand,  we  obtain  of  oxalate  of  potash,  the  equi- 
valent of  which  is  (in  round  numbers)  84, 6  equivalents  =  504 ; 
of  peroxide  of  manganese,  the  equivalent  of  which  is  44,  12 
equivalents  =  528 ;  and  of  water,  the  equivalent  of  which  is  9, 
10  equivalents  =  90  ;  the  whole  products  amounting  to  1122. 

It  is  hardly  possible  to  exaggerate  the  value  of  so  easy  a 
method  of  representing  chemical  changes,  and  of  making  all 
the  necessary  calculations  connected  with  them.  Every 
chemist,  and  every  student  of  chemistry,  ought  to  be  quite 
familiar  with  the  use  of  chemical  formulae ;  and,  indeed, 
without  this  knowledge  it  will  soon  be  impossible  to  read 
chemical  writings.  The  use  of  formuls  enables  the  writer  so 
easily  to  put  before  his  readers,  in  a  very  small  space,  any  con- 
ceivable view  of  the  phenomena,  such  as  might  require  pases  to 
explain  in  words,  that  they  are  now  universally  employed. 


AND  OF  FORMULA.  29 

Even  in  the  oommonest  nae  of  symbols  and  atomic  weights, 
that,  namely,  of  expresfdng  the  composition  of  any  compound, 
the  advantage  derived  horn  their  emplo3rment  is  immense. 
Thns,  previous  to  the  invention  of  tables  of  atomic  weights, 
chemista  oonld  only  express  the  composition  of  a  compound 
by  pvinff  the  proportions  of  the  elements  contained  m  100 
parts.  For  example,  water,  the  protoxide  of  hydrogen,  was 
found  to  consist  of — Hydrogen,  11*11 ;  and  oxygen,  88'88,  in 
100  parts ;  while  the  deutoxide  of  hydrogen  was  found  to 
omsut  of— hydrogen,  5*89  ;  and  oxygen,  94*11,  in  100  parts. 
It  is  very  difficult  for  the  memory  to  retain  these  numbers 
with  accuracy,  even  in  the  case  of  a  few  such  compounds ; 
how  much  more  so,  then,  must  it  be  to  remember  the  composi- 
tion  of  the  numerous  bodies  with  which  the  chemist  is  con- 
stantly occupied ! 

If,  however,  we  have  recourse  to  symbols,  we  have  only  to 
express  the  cotnposition  of  water  by  H  0,  and  that  of  the 
deutoxide  of  hydrogen  by  H  0, ;  ana  referring  to  the  table  of 
atomic  weights,  we  find  that  the  former  contains  1  of  hydrogen 
to  8  oKVgen,  and  the  latter,  1  of  hydrogen  to  16  of  oxjygen. 
Even  if  we  could  not  retain  these  latter  numbers,  we  snould 
thus  still  derive  great  benefit  from  the  use  of  symbols ;  but 
the  fact  is,  that  we  soon  learn  the  atomic  weights  of  the  more 
important  elements,  and  are  not  compelled  to  have  recourse  to 
the  table  for  them. 

But  this  is  not  aU  ;  for  in  the  numbers,  as  given  in  100  parts, 
we  can  trace  no  relation ;  and,  consequently,  if  we  commit 
them  to  memory,  must  do  so  as  bare  numbers.  In  the  symbols, 

00  the  contrary,  we  see  at  a  glance  that  the  same  quantity  of 
hydrogen  which,  in  water,  is  combined  with  a  given  weight  of 
OKVgen,  is  combined  with  double  that  weight  in  the  deutoxide 
of  i^dn^en ;  and  we  are  thus  supplied,  not  only  with  a  fact, 
in  itself  of  the  highest  value,  but  also  with  a  link  by  which 
the  composition  of  two  substances  is  associated  in  the  memory, 
and  therefore  retained  with  facility. 

Before  quitting  this  part  of  the  subject,  it  is  well  to  point 
out  two  results  which  follow  from  the  atomic  theory. 

The  first  is,  that  since,  by  definition,  an  atom  is  that  which 
cauiot  be  divided,  there  cannot  be  formed  a  compbund  of 

1  atom,  or  equivalent  of  one  element,  and  -^  an  atom  (or  any 
fractional  number  of  atoms,  as  1-^,  2^y  &c.)  of  another  element. 
Should  such  proportions  appear  to  exist,  they  must  be  so  ex- 
pressed as  to  get  rid  of  fractions,  otherwise  tney  imply  a  con- 
tiadiction  in  terms.  Thus,  for  example,  iron  combines  with 
oxygen  in  two  proportions.  In  the  first  compound,  or  protoxide 
of  iron,  28  parts  (l  eq.)  of  iron  are  combined  with  8  parts,  or 
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1  eq.,  of  oxygen.  We,  therefore,  assume  this  compound  to 
contun  1  atom  of  each  element,  and  express  it  in  symbols  by 
Fe  O.  In  the  other  oxide,  or  peroxide  of  iron,  28  parts,  or 
1  eq.,  of  iron  are  found  to  be  combined  with  12  parts  of  oxygen. 
Now,  8  being  1  eq.  of  oxygen,  1 2  must  be  1^  eq.  But  as  it 
would  be  absurd  to  call  this  oxide  a  compound  of  1  atom  of 
iron  and  If  atom  of  oxygen,  we  get  rid  of  the  fraction  by 
doubling  both  numbers,  and  we  represent  the  peroxide  of  iron 
by  Fe,  0  .  Here  the  proportion  is  still  that  of  1  to  I4,  but 
the  absurdity  of  dividing  an  atom  is  avoided.  It  is  obvious 
that  the  atomic  weight  of  the  compound  is  double  what  it  would 
be  if  we  had  retained  the  fraction  ;  for  Fe,=:56,  and  0,=:24 : 
and  66  :  24  :  :  28  :  12.  As  the  proportion  is  still  that  of 
1  to  1-V  atom,  although  there  are,  in  reality,  2  to  3,  this  com> 
pound  is  frequently  called  sesquioxide  of  iron,  from  sesqui,  a 
prefix  signifying  one  and  a  half.  The  prefix,  sesqui,  is  used 
in  many  similar  cases,  precisely  in  the  same  way. 

Of  course,  where  analysis  indicates  the  proportions  of  1  atom 
of  A  to  ^  or  34-  of  B,  we,  in  like  manner,  to  avoid  fractions, 
express  these  proportions  by  2  to  5,  or  by  2  to  7.  The  symbol 
for  phosphoric  acid  is  P,  0.  :  that  of  hypermanganic  acid  is 
Mn   0,. 

The  second  result  or  corollary  from  the  atomic  theory  is,  that 
when  two  compounds  having  a  common  element  unite  together, 
the  amount  of  the  common  element  in  the  equivalent  of  the  one 
is,  to  its  amount  in  the  equivalent  of  the  other,  in  a  ratio  which 
may  be  expressed  by  whole  numbers.  Thus,  potash  is  composed 
of  potassium  and  oxygen,  sulphuric  acid  of  sulphur  and  oxygen. 
Here  oxygen  is  the  common  element.  Now,  in  an  equivalent  of 
potash,  KO,  there  is  1  atom  of  oxygen=8.  In  an  equivalent  of 
sulphuric  acid,  SO 3,  there  are  3  atoms  of  oxygen=24  ;  and  it  is 
obvious  that  the  oxygen  in  the  latter  is  to  3iat  in  the  former 
as  3  :  1.  This  relation  is  at  once  seen  in  the  formula  of  the 
compound,  sulphate  of  potash,  which  is  KO,  SO,  ;  and  it  pre- 
vails necessarily  in  all  neutral  compounds  of  sulphuric  acid 
with  bases  which  have  an  analogous  constitution.  In  nitrate 
of  potash,  KO,  NO 5,  the  ratio  is  different,  being  as  5  :  1. 
^Vhen  an  acid,  such  as  sulphuric  acid,  forms  a  neutral  salt 
with  a  base  of  a  constitution  different  from  that  of  potash,  as, 
for  example,  with  sesquioxide  of  iron,  the  relation  of  3  to  1  is 
still  kept  up  :  for  the  neutral  sulphate  of  sesquioxide  of  iron 
is  Fe,  O3,  3  SO3.  In  a  compound  not  neutral,  such  as  Fe, 
O3,  SO3,  which  represents  the  basic  sulphate  of  sesquioxide  of 
iron,  the  relation  is  different,  being  that  of  3  :  3  or  1  :  1  ; 
but  still  it  is  capable  of  being  expressed  in  whole  numbers. 
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Combination  by  Volumes, 

Wlien  two  gaseous  bodies  combine  together,  it  is  always  in ' 
such  proportions,  by  volume,  that  1  volume  of  the  one  gas 
combines  with  one  or  two  or  more  volumes  of  the  other  ;  and 
if  the  resulting  compound  be  gaseous,  its  volume  bears  some 
simple  ratio  to  those  of  its  elements.  Thus,  1  vol.  hydrogen 
combines  with  1  vol.  chlorine,  to  produce  2  vol.  hydrochloric 
acid  ;  and  2  vol.  hydrogen  combine  with  1  vol.  oxygen,  to  form 
S  voL  of  the  vapour  or  gas  of  water.  It  is  evident,  that  where 
two  gases  combine  in  several  proportions,  the  law  of  multiple 
proportions  must  prevail  in  regard  to  the  volumes  as  well  as 
in  regard  to  the  weights.  For  example,  in  the  five  compounds 
of  nitrogen  and  oxygen  formerly  mentioned,  2  vol.  nitrogen  are 
combined  with  1,  2,  3, 4,  and  5  vol.  oxygen. 

The  volume  of  the  compound  is  in  all  cases  either  equal  to 
the  sum  of  the  volumes  of  its  component  gases,  or  less  than 
that  sum  ;  in  the  latter  case  condensation  has  taken  place.  It 
follows  that  1  vol.  of  a  compound  ^  contains  either  1  vol.  of 
each  of  its  constituents,  or  a  multiple  or  a  submultiple  of  a 
volume  of  one  or  both. 

It  is  easY  to  see  that  there  must  be  a  relation  between  the 
volume  and  the  weight  of  gaseous  elements,  since  the  law  of 
definite  proportions  can  be  traced  in  both.  Since  water,  for 
example,  is  composed  of  8  parts  by  weight  of  oxygen  to  1  of 
hydrogen,  and  of  2  parts  by  volume  of  hydrogen  to  1  of  oxygen, 
it  must  be  possible  to  construct  a  table  of  combining  volumes, 
as  well  as  a  table  of  atomic  weights ;  and  in  fact  this  may  be 
done  in  regard  to  all  those  elements  which  may  be  made  to 
assume  the  form  of  gas,  and  even  in  resard  to  some  which 
cannot  be  obtained  in  that  form,  but  wnich  combine  with 
gaseous  elements  to  form  gaseous  compounds. 

If  the  weight  of  a  given  volume  of  onjwsa  be  called  1*000^  it 
will  be  found  that  an  equal  volume  of  hydrogen  will  weigh 
sixteen  times  less,  or  0*0625 ;  and  these  numbers  will  represent 
the  relative  specific  gravities  of  these  gases.  But  we  already 
know  that  in  water  1  vol.  of  oxvgen  is  combined  with  2  vols, 
hydrogen  ;  or,  taking  the  specific  gravities,  1*000  oxygen  with 
2x00625=0-125  hydrogen.  Now  these  latter  numbers  are 
precisely  the  atomic  weights  or  equivalents  of  oxygen  and 
hydrogen,  oxygen  being  made  the  standard,  and  =  1*000. 
Again,  1  vol.  nydroffen  combines  with  1  vol.  chlorine  to  form 
hydrochloric  acid.  iNow,  if  1  voL  hydrogen  as  above,  be  repre- 
sented as  weighing  0-0625,  1  vol.  chlorine  will  be  found  to 
weigh  2*25  ;  and  these  numbers  are  to  each  other  precisely  in 
the  ratio  of  the  equivalents  of  the  two  gases,  which,  on  the 
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oxygen  scale^  are  125  and  450,  or  on  the  hydrogen  scale  1 
and  36. 

It  was  for  a  long  time  snppo8ed,  especially  among  Conti- 
nental chemists,  that  equal  yolnmes  of  the  simple  gases  con- 
tained equal  numbers  of  atoms.  Were  this  the  case,  the  specific 
gravities  of  the  ^ases  compared  to  oxygen  as  a  standard,  would 
of  necessity  coincide  wiui  the  atomic  weights  as  compared 
with  the  same  standard :  and  would  at  all  events,  whatever 
standard  might  be  employed,  bear  the  same  ratio  to  each  other. 
Specific  gravity  in  the  gaseous  form  and  atomic  weight  would 
then  be  s3monymous. 

Experiment,  however,  has  demonstrated  that  this  is  not  the 
ease ;  but  that,  while  an  equivalent  of  one  element  is  repre- 
sented by  ontf  volume  of  its  gas,  two  volumes  are  required  to 
make  an  equivalent  in  some  cases ;  and  one-half  volume,  one- 
third  volume,  or  even  less,  in  others.  In  the  following  table 
will  be  found  the  specific  gravities  or  the  weights  of  equal 
volumes  of  such  elements  as  admit  of  their  specific  gravities 
being  either  directly  taken  or  calculated.  In  the  first  column 
are  given  the  usual  specific  gravities  compared  to  atmospheric 
air  as  the  standard  :  in  the  second  the  specific  gravities  com- 
pared to  hydrogen  as  the  standard,  in  order  to  show  the  relation 
to  the  atomic  weights :- 


Speeifie  GnritieB. 

Chemical  EqaivalentsJ 

Gaa  or  Vapour. 

Alr=l. 

Hydrogen-l. 

By  Vol. 

ByWelghi 

Hydrogen. 

00690 

100 

100 

100 

Nitrogen       .         .     . 

09727 

1412 

100 

14-15 

Carbon  (hypothetical) 

0-4213 

6-12 

100 

612 

Chlorine  . 

2-4700 

35-84 

100 

35-42 

lodin 

87011 

126-30 

100 

126-30 

Bromine   • 

5-3930 

78-40 

100 

78-40 

Mercury       .        .     . 

6-9690 

10100 

200 

20200 

Oxygen     .         .         . 

M025 

1600 

50 

8-00 

Phosphoruf  .        .    . 

4-3273 

62-8 

25 

15-70 

Anenic     . 

10-3620 

150-8 

25 

37-7 

Sulphur        .        .     . 

6-6480 

96-48 

16-66 

1610 

It  will  be  observed  that  the  numbers  in  the  second  column 
are  not  the  same  in  all  cases  as  the  equivalent  numbers  of  the 
elements  ;  but  many  of  them  are  so.  and  in  these  cases  a 
volume  represents  an  equivalent.  The  other  numbers  are 
multiples  by  a  whole  number  of  Uie  equivalent,  oxygen  being 
represented,  for  example,  by  16=2+8,  and  sulphur  by  96= 
6x16.  This  shows  that  if  an  equivalent  of  hydrogeUi  chlorine, 
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be  represented  bj  1  yol.)  an  equivalent  of  oxygen  is  repre- 
sented by  1^  vol.,  and  an  equivalent  of  sulphnr  by  ^  vol. 

The  Imowledge  of  the  proportions  by  volume  according  to 
which  bodies  combine,  and  of  the  specific  gravity  of  gaseous 
bodies,  enables  us  to  answer  a  ^^peat  many  questions,  and  decide 
a  great  many  doubtful  points  in  Chemistry.    Thus^ 

1.  If  we  Knowihe  specific  gravity  of  two  simnle  gases  and 
the  proportions  by -volume  in  which  they  combine,  we  can 
calculate  the  composition,  by  weight/ of  the  compound.  Thus, 
2  vols,  of  hydrogen  combine  with  1  vol.  of  oxygen  to  form 
water.  Now,  the  Sp.  G.  of  hydrMjen  (Air  =  I'OOO),  is  0'0694, 
and  that  of  oxygen  is  1*1111.  'Dierefore  water  is  composed, 
by  weighty  of  0'0694  X  2  =  0*1388  of  hydrogen,  and  1*1111  of 
oxygen, 

2.  If  we  know  the  volumes  of  the  elements  of  a  compound, 
and  their  specific  gravities,  and  the  volume  of  the  compound,  wo 
can  calculate  the  Sp.  G.  of  the  compound.  To  take  the  same 
example,  2  vols,  hycurogen,  Sp.  G.;=0'0694,  and  1  vol.  oxygen, 
Sp.  G.=:  1*1111,  coimbine  to  fonn  2  vols,  vapour  of  water. 
Now  the  vapour  of  water  must  weigh  as  much  as  the  oxygen  and 
hydrogen  taken  together,  that  is,  0-0694  X  2 + Mill  =  1*2499. 
But  as  this  represents  the  weight  of  2  vols,  vapour  of  water,  the 
weight  of  1  vol.  vapour  of  water  (or  the  specific  gravity)  must 
be  1*2499-3-2  =  0-6249. 

3.  If  we  know  the  volume  and  the  Sp.  G.  of  one  of  the  two 
elements  of  a  binary  compound,  and  the  Sp.  G.  of  the  compound 
itself,  we  can  calculate  the  composition,  by  weight,  of  the  com- 

'  pound.  Thua,  1  vol.  carbonic  acid  gas  contains  1  vol.  of  oxygen ; 
the  Sp.  G.  of  carbonic  add  gas  is  1*5239,  and  that  of  oxygen  as 
before  is  1  *  1 1 1 1 .  Subtracting  the  latter  number  from  the  former, 
we  have  0*4128,  which  must  represent  the  weight  of  carbon 
united  with  1*1111  of  oxygen ;  and  this  is  the  composition,  by 
weight,  of  carbonic  acid  gas. 

4«  If  we  know  the  spmfic  gravity  of  a  compound  and  its 
composition  by  weight,  we  can  calculate  the  composition  by 
volume.  Example— by  experiment  the  Sp.  G.  of  the  vapour  of 
aldehyde  (the  weight  of  1  vol.)  was  found  to  be  1*532 ;  and  the 
analysis  of  the  compound  showed  that  its  composition  by  weight 
was,  carbon  56*024,  hydrogen  8*983,  and  oxygen  35*993,  in 
100  parts.  Now,  in  order  to  ascertain  the  composition  by 
volume,  let  us  calculate  the  proportions  of  carbon,  hydrogen, 
and  oxygen  in  1*532. 

If  100  ports  contain  55*024  cBrbon,  1-582  contain  0'8427d 
„  „       8*983  faTdrogen  „  013760 

y^  y,     35-993  oxjgen  „         0*5^130 
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Now,  the  specific  gravity  or  weight  of  1  vol.  of  carbon  is 
hypothetical  or  calcakted :  it  is  assumed  to  be  0*42139  (see 
table) :  1  vol.  of  hydrogen  weighs  O0694,  and  1  vol.  oxygen 
weighs  1*1111.  It  is  easy  to  see,  therefore,  that  1  voL  of  the 
vapour  of  aldehyde  contains : — 

2yo1.  TApourofcarbon  .        .        •        .    0*84279 

2  volt,  bydiogen 01388 

^  vol.  oxygen         ,        .        «        .         •    0'5S65 

It  is  obvious,  therefore,  that  the  knowledge  of  the  volumes  in 
which  gaseous  bodies  combine,  and  of  their  specific  gravities,  is 
of  great  value  to  the  chemist :  but  we  must  not  foiget  that  we 
have  no  evidence  that  equal  volumes  of  different  elements  con- 
tain an  equal  number  of  atoms ;  or,  in  other  words,  that  the  term 
volume  may  be  substituted  for  atom  or  equivalent,  as  was  at  one 
time  supposed.  On  the  contrary,  all  the  recent  researches  on 
this  pomt  go  to  prove  that,  in  the  case  of  many  elements,  a 
volume  corresponds  to  two  or  more  equivalents. 

ATOMIC  OR  EQT7lVALEirr  V0LUMB8. 

The  relation  between  the  atomic  weight  and  the  specific 
sravity  of  bodies  in  the.  gaseous  form  has  been  briefly  indicated 
m  the  preceding  section.  But  the  subject  admits  of  being 
considered  under  different  points  of  view,  according  to .  the 
notions  entertained  of  the  atomic  constitution  of  ^ases.  On 
the  supposition,  for  example,  that  the  atoms,  or  ultmiate  par- 
ticles of  all  elementary  gases,  with  their  surrounding  qiheres 
of  heat,  possess  the  same  volume,  all  such  gases  would  contain, 
in  e^ual  volxunes,  the  same  number  of  atoms.  But  as  it  is 
certam  that  compound  ^ases  do  not,  in  all  cases,  contain  the 
same  number  of  atoms  m  equal  volumes,  it  is  quite  possible 
that  elementarjT  gases  may  also  differ  in  this  respect ;  and,  as 
above  stated,  the  combining  volumes  of  sulphur  and  of  some 
other  elements  agree  with  this  conclusion.  It  is  therefore 
generally  admitted  that  equal  volumes  of  different  elementary 
gases  contain  different  numbers  of  atoms ;  that,  for  example, 
1  vol.  oxygen  contains  twice  as  many  atoms,  and  1  vol.  sulphur 
(in  the  form  of  gas)  six  times  as  many  atoms  as  1  vol.  hydrogen, 
1  vol.  nitrogen,  or  1  vol.  chlorine. 

This  obviously  implies  that  the  atoms,  with  their  spheres  of 
heat,  are  of  different  sizes ;  and,  to  take  the  cases  above  men- 
tioned, that  the  atoms  of  oxygen  gas  are  4  the  size,  and  those 
of  sulphur  ^  the  size  of  the  atoms  of  hydrogen,  nitrogen, 
chlorine,'&c.  This  is  what  is  called  the  atomic  wlume  of  gases. 
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It  is  not  meant  that  we  can  ascertain  the  absolute  volume  of 
the  atoms,  but  the  relative  or  comparative  volume  of  the  atoms 
or  particles  of  two  or  more  gases. 

Mow,  since  the  specific  gravity  of  a  gas  depends  on  the 
number  of  atoms  in  a  given  volume,  and  on  the  weight  of  these 
atoms,  it  is  evident  that  the  atomic  weight,  divided  hj  the 
specific  gravity  must  give  the  (relative)  atomic  volume. 

For  example,  let  hydrogen  be  taken  as  the  standard  for  the 
mcific  gravity  of  gases,  as  it  is  for  their  atomic  weights,  then 
the  atomic  weight  of  hydrogen,  =  1,  divided  by  its  specific 
gravity,  =  1,  wiU  yield  the  quotient  1  for  the  atomic  volume 
of  hydrogen.  Again,  the  atomic  weight  of  oxvgen,  =s  8, 
divided  by  its  specific  gravity,  =  16,  (that  of  hydrogen  =1) 
gives  the  quotient  0.6  or  |,  as  the  atomic  volume  of  oxygen ; 
and  the  atomic  weight  of  sulphur,  =  16,  divided  by  its  specific 
^vity  as  gas,  =  96  (that  of  hydrogen  =  1)  gives  the  quo- 
tient 0.1666  or  ^,  as  the  atomic  volume  of  sulphur. 

We  thus  see,  that,  on  the  supposition  above  adopted  that 
the  atoms  of  different  gases  differ  in  size,  we  can  prove  that, 
whatever  be  the  size  of  an  atom  of  hydrogen  gas,  an  atom  of 
oxygen  cas  must  be  half,  and  that  of  an  atom  of  sulphur  gas 
one-sixth  that  size. 

It  is  further  obvious,  that  the  number  of  atoms  in  equal 
volumes  must  be  inversely  as  the  atomic  volume ;  or  that  the 
specific  gravity  of  a  gas,  divided  by  its  atomic  weicht,  will  give 
the  number  of  atoms  in  a  given  volume.  Hydrogen  being 
retained  as  the  standard,  then  we  have  -f  =  1  =  the  number 
of  atoms  in  1  vol.  of  hydrogen : —  -^  =r  2  =  the  number  of 
atoms  in  1  vol.  oxygen :  and  fj-  =  6  =  the  number  of  atoms 
in  I  vol.  gas  of  sulpnur. 

More  briefly,  the  atomic  volume  and  th^  number  of  atoms 
are  the  inverse  of  each  other :  so  that  we  have  i  and  6,  -^  and 
2, 1  and  1. 

If,  while  we  make  hydrogen  the  standard  of  atomic  weights, 
we  make  air  the  standard  of  the  specific  gravity  of  gases,  then 
we  obtain,  as  quotients,  a  series  of  numbers  equally  comnarable 
among  themselves,  but  less  simple  and  easy  to  retain  than  the 
above.  We  should  have,  for  example,  1  -«-  0.0694  =  14.409 
for  hydrogen ;  8  ■*•  1.1026  =  7.2554  for  oxgen  ;  and  16  ■+• 
6.9000  =  2.3188,  for  the  atomic  volumes  of  hydrogen,  oxygen, 
and  sulphur  respectively;  and  these  numbers  are  to  each 
other  as  1,  -^,  and  J-  .  , 

In  the  case  of  solids  and  liquids,  the  relation  between  atomic 
weight  and  specific  gravity  is  far  from  being  so  simple,  in  con- 
sequence of  me  force  of  cohesion  interfering  with  and  disturb- 
i>2 
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mg  the  results.  We  cannot  ascertain  whether  the  atoms  of 
solid  bodies  have  the  same  size  in  different  bodies,  or  not ; 
and  we  cannot  tell  whether  the  difference  of  specific  gnvity 
depends  on  a  difference  in  the  number  of  the  atoms,  in  an 
e^nal  Yolnme,  a  difference  in  the  size  of  the  atoms,  or  a 
difference  in  the  size  of  the  interstices  between  the  particles^ 
or  possiblv  on  two  or  more  of  these  causes. 

Some  chemists  assume  that  there  are  no  interstices,  but  that 
the  atoms  wholly  fill  up  the  space  within  the  circumference  of 
the  body.  On  Uiis  supposition,  the  atomic  weight,  divided  by 
the  specific  gravity  (in  solids  and  liquids),  must  give  the 
atomic  volume.  It  is  difficult,  however,  to  admit  the  absence 
of  interstices  or  pores  in  solids  and  liquids,  if  we  consider 
them  formed  of  atoms ;  and  it  is  periiaps  better  to  ose  the 
term  equivaierU  volume  instead  of  atomic  volume^ 

The  equivalent  volume,  then,  of  a  solid  or  liquid  is  obtained 
by  dividmg  the  atomic  weight  (or  rather  equivalent  number) 
by  the  specific  gravity  in  me  solid  or  liquid  state.  Water, 
the  standard  for  the  specific  gravity  of  liquids  and  solids,  may 
be  made  the  standard  of  equivalent  volumes. 

Thus  the  atomic  weight  of  water,  =  9,  divided  by  its 
specific  gravity,  =  1,  gives  the  quotient  9  as  its  equivalent 
volume.  The  atomic  weight  of  potassium,  39*26,  divided  by 
its  specific  gravity,  0*866,  gives  46*387  for  its  equivalent 
volume ;  and  the  atomic  weight  of  carbon,  6'04,  divided  by 
its  specific  gravity  in  the  form  of  diamond,  ^  3*6,  the  quo^ 
tient  1'726  ror  the  equivalent  volume  of  the  diamond. 

On  the  other  hand,  the  specific  gravity,  divided  by  the 
atomic  weight,  gives  the  relative  number  of  atoms  in  a  given 
volume ;  and  in  the  case  of  potassium  this  is  0-865  -i-  39*25  = 
0*0220 ;  in  the  case  of  carbon  it  is  3'6  -!-  6*04  =  0*6794. 
Finally  in  the  case  of  water,  the  relative  number  of  atoms  in  a 
given  volume,  which  may  be  made  the  standard,  is  1  -ft-  9  = 
O'llll.  If,,  for  convenience,  the  number  for  water  is  made 
1000,  then  that  for  potassium  becomes  198*0,  and  that  for 
carbon  becomes  6216. 

Assuming,  likewise  for  convenience,  the  equivalent  volume 
of  water  (the  standard)  to  be,  (instead  of  9)  1000,  the  equiva* 
lent  volume  of  potassium  becomes  6043,  and  that  of  carbon 
191-666. 

We  thus  perceive  that  the  equivalent  (or  atomic)  volume  of 
carbon  is  about  twenty-five  times  less  than  that  of  potassium, 
and  that  the  number  of  atoms  of  carbon  contained  in  a  given 
volume  is  about  twenty-five  times  greater  than  in  the  case  of 
potassium.    This  compression  of  so  laige  a  number  of  atoma 
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into  a  giren  volume  may  be  the  cause  of  the  great  hardness  of 
the  duuDond. 

The  whole  subject  of  equivalent  volumes  is  full  of  interest ; 
but  ss  chemists  liave  onl^r  recently  begun  to  study  solid  and 
liquid  bodies  in  this  point  of  view,  our  knowled^  on  the 
sabject  is  still  very  imperfect  and  limited.  For  what  nas  lately 
been  done,  we  are  chiefly  indebted  to  Kopp  and  to  Schroeder. 

Pkyfidr  and  Joule  have  very  lately  puDfished  the  first  part 
of  an  elaborate  investigation  into  the  volumes  occupied  by 
bodies  both  in  the  solid  form  and  when  dissolved  in  water ; 
and  they  have  obtained  results  of  an  unexpected  nature  as  well 
»  of  very  Kreat  value. 

The  resder  is  referred  to  their  paper  in  the  Memoirs  of  the 
Chemical  Sodety.  Here  we  have  only  space  to  allude  to  the 
rabjecty  and  to  mention  that,  among  other  curious  results,  these 
dimists  have  found  that  many  salts,  when  dissolved  in  water, 
do  not  add  to  the  bulk  of  the  water  more  than  is  due  to  the 
water  actually  present  in  the  salts.  Thus  for  example  alum, 
1  eq.  of  which  contains  23  equivalents  of  the  elements,  potas- 
sium, aluminum,  sulphur,  and  oxygen,  besides  24  eq.  of  water, 
dissolves  in  water  without  increasing  its  bulk  more  than  the 
addition  of  the  24  eq.  of  water  must  necessarily  do  ;  so  that 
the  SB3  eq.  abovementioned  occupy  no  additional  space,  and 
must  eitiier  be  contained  in  the  pores  or  interstices  of  tne  water, 
or  disappear  altopther  as  &r  as  the  occupying  of  space  is  con- 
cerned, if  water  be  supposed  to  have  no  pores. 

They  have  further  shown  that  when  salts  do  add  to  the  bulk 
of  the  water  in  which  they  are  dissolved,  the  increase  of  the 
balk  corresponds  to  that  of  a  volume,  or  some  multiple  of  a 
vohime,  of  water.  It  is  evident  that  these  and  similar  researches 
must  soon  greatly  extend  our  knowledge  of  the  mechanical  con- 
stitation  of  matter. 

Isomorphism* 

Most  sabstances,  when  they  assume  the  solid  form  slowly,  so 
as  to  allow  the  particles  to  follow  their  natural  attractions, 
exfaHni,  more  or  less  perfectly,  a  regular  form :  in  other  words, 
they  crystallise.  Thus  carbon,  when  slowly  deposited  in  the 
fiona  of  diamond,  assumes  the  form  of  a  r^^ular  octohedron,  or 
of  some  form  geometrically  allied  to  it;  and  common  salt,  a 
eompound  body,  takes  the  form  of  the  cube  and  its  modifica- 
tions,  including  the  octohedron. 

Now  it  has  been  observed  that  the  same  substance  invariably 
erystaUises  in  forms  belonging  to  the  same  system,  but  that 
difeent  substances  very  frequently  present  different  crystalline 
f onus.   Thus,  while  diamond  ciystalnses  in  regular  octohedrons, 
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iodine  forms  acute  rhombic  octoliedrons:  and  while  common 
salt  crystallises  in  cubes,  chloride  of  barium  yields  right  rhombic 
prisms. 

It  happens,  occasionally,  but  rarely,  that  the  same  element  is 
capable  of  assuming  two  crystalline  forms,  belon^ng  to  different 
systems,  and  not  geomemcally  connected  with  each  other. 
Thus  sulphur,  ciysUllising  from  its  solution  in  bisulphuret  of 
carbon,  forms  very  acute  rhombic  octohedrons,  but  when  melted 
by  heat,  and  allowed  to  consolidate  by  cooling,  it  yields  oblique 
rhombic  prisms. 

The  same  is  occasionally  observed  in  compound  bodies.  Thus, 
carbonate  of  lime,  in  its  common  form  of  Iceland  spar,  crystallises 
in  obtuse  rhombohedrons  and  in  innumerable  varieties  of  that 
form :  but  in  the  rarer  form  of  arragonite,  it  assumes  the  foixn 
of  a  rhombic  prism. 

These  cases,  and  others  which  are  analogous,areto  beexplained 
by  a  different  arrangement  of  particles,  dependent,  most  probably 
on  a  difference  of  temperature  at  the  penod  of  the  formation  of 
the  crystals.  They  are  not,  however,  numerous  enough  to  affect 
the  general  law,  tnat  the  same  substance  always  assumes  the 
same  crystalline  form. 

But  the  admirable  researches  of  Gay-Lussac  and  of  Mitscher- 
lich  have  established  the  fact,  that  in  many  instances,  different 
compounds  assume  the  same  form.  Thus,  the  following  sub- 
stances, and  many  others,  take  the  form  of  the  cube,  tetrahedroD, 
or  regular  octohedron,  which  are  geometrically  connected.  Chlo* 
ride  of  sodium  (sea-salt),  chloride  of  potassium,  sal  ammoniac : 
bromide  of  potassium :  iodide  of  potassium :  sulphuret  of  lead  i 
fluoride  of  calcium :  bisulphuret  of  iron :  arseniuret  of  cobalt : 
sulphate  of  alumina  and  potash  (alum) :  ammonia  alum :  chrome 
alum,  iron  alum :  sesquioxide  of  iron,  sesquioiude  of  aluminumi 
sesquioxide  of  chromium.  In  like  manner,  other  crystalline 
forms  are  found  to  be  common  to  many  different  compounds, 
although  none  occurs  so  frequently  as  the  cube  and  its 
confleners.  - 

Now  at  first  sight  it  would  appear  that  no  relation  whatevei; 
could  exist  between  the  form  of  these  numerous  and  very 
different  compounds,  and  their  composition.  But  on  closer 
inspection,  they  are  found  to  arrange  themselves  into  groups.  Of 
these  groups,  two  may  be  specified  among  the  compounds  above 
enumerated.  One  is  that  of  the  chlorides,  bromides,  iodides,  and 
fluorides  of  metals,  having  the  formula  MR, that  is,l  at:  metal 
to  1  at :  radical.  This  includes  chloride  of  potassium  K  CI,  of 
sodium  Na  CI,  of  ammonium  (sal  ammoniac)  Am  CI  :*  to  which 

*  See  the  section  on  Ammonium. 
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may  be  added  bromide  of  potasdom  K  Br,  iodide  of  potaadom 
K  I,  and  fluoride  of  calcium  CaF :  and  this  group  isa  Yeiy  laige 
one.  It  will  be  observed  that  the  members  of  it  contain  an  . 
equivalent  of  a  metal  united  to  1  equivalent  of  a  metalloid,  and 
ore  therefore,  so  hi  analogous  in  composition.  The  next  group 
is  that  of  the  alums.    Conmum  alum  has  this  formula, 

EO,SO,  +  A1,0„3S0, +  24HO. 
Now  if  we  substitute  ammonium  for  potassum,  we  have 

AmOySO.  +  AlaO,,3S03  +  24HO: 
and  this  is  the  formula  of  ymmni^iji  alum.    Chrome  alum  is 

KO,SO,  +  Cr,Og,8SO,  +  24HOi 
and  another  may  be  formed  by  substituting  Am  for  K.    Iron 
alum  is 

EO,SO.  +  FesO,,8S03  •t-24Ha 
And  here  also  another  alum  is  obtained  by  substituting  Am  for 
K.  A  food  many  more  alums  may  be  procured  by  substituting 
Na  ^sodium)  for  K,  and  Mn  for  Al.  that  is,  manganese  for 
aluminum ;  and  aU  tiiese  salts  have  tne  same  crystaUine  form 
and  the  same  general  properties.  Here,  as  in  the  former  more 
simple  ffrou|>,  the  analogy  in  constitution  is  at  once  obvious. 
Eveiy  alum  is 

m  0,  S  O3  +  M,  O,,  3  S  O,  +  24  H  O : 

m  stands  for  a  metal  of  one  dass,  such  as  potassium,  sodium  or 
ammonium :  and  M  for  a  metal  of  another  class,  such  as  alumi-* 
nnm,  irtm,  chromium  or  manganese.  It  appeals,  therefore,  that 
a  salt,  containing  1  eq.  of  a  neutral  sulphate  of  a  protoxide  of  one 
of  the  former  metals  ^mO,  S  0,),  along  with  1  eq.  of  a  neutnil 
tersulphate  of  a  sesquioxide  of  one  of  the  latter  metals,  (M,0^, 
3S0,),  and  24  eq.  water  (24  HO)  takes  the  ciystalline  form  of 
common  alum,  tiie  type  of  this  group.  From  tms  we  must  oon- 
dude  that  the  similar  arrangement  of  particles  prevailing  in  all 
these  alums  is  one  chief  cause  of  the  smdlarity  m  form.  We  see 
that  the  particles  need  not  be  all  identical  in  two  similar  ciystals ; 
for  example,  of  common  alum  and  of  iron  alum.  But  there  must 
be  an  analogy  between  those  elements  the  equivalents  of  which 
may  be  mutually  substituted  for  each  other.  We  find,  accord- 
ingly, in  all  other  relations  an  anali^  between  potassiun, 
sodium,  andammonium,  on  the  one  hand,  and  between  alumi- 
num, iron,  chromium,  and  manganese  on  the  other.  In  the 
group  first  mentioned,  that  of  the  chloride8,bromide8,and  iodides 
of  certain  metals,  we  find  the  same  analogy  between  potassium, 
sodium,  and  ammonium  on  the  one  side,  atid  between  chlorine, 
bromine,  and  iodine  on  the  other. 
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Now  to  these  groups  of  analogoiiB  elements,  the  name  of 
isomorphons  groups  has  been  given,  as  there  is  eveiy  reason  to 
believe  that,  as  elements,  theypossess  the  same  form  {la-os,  eqnal, 
and  fto/>^,  form) ;  and  the  phenomena  of  identical  form  in 
compounds  of  different  butanalogous  composition,have  received 
the  name  of  isomorphism.  Two  elements  are  isomor^hons, 
which  either  cnrstallise  in  the  same  form,  or  may  be  subsututed 
for  each  other  m  their  compounds,  equivalent  for  equivalent, 

Sthe  other  elements  remaining  unchanged)  without  affecting  the 
orm  of  the  compound. 

The  doctrine  of  isomorphism  enables  us,  in  many  cases,  to 
decide  on  the  formula  of  a  compound,  and,  consequently,  on  its 
equivalent.  Thus,  we  have  seen  that  aluminum  or  iron  may  be 
replaced  by  chromium,  without  change  of  form,  in  alum ;  and 
we  find  that  sesquiozide  of  aluminum,  sesquioxide  of  iron,  and 
oxide  of  chromium,  also  crystallise  in  the  same  form*  Now, 
the  composition  of  oxide  of  chromium  was  formerly  uncertain  ; 
but,  finding  as  we  do  that  it  is  isomoiphous  with  the  other  two 
sesquioxides,  we  conclude  that  it  is  also  a  sesquioxide,  and  that 
its  formula  is  Cr^  0, . 

Again,  chromic  acid  is  found  to  contain  twice  as  much  oxy- 
gen for  the  same  amount  of  chromium,  or  it  may  be  represen- 
ted as  Or,  0^.  This  being  a  most  improbable  formula,  we 
observe  next,  that  chromic  acid  may  be  substituted  for  sulphu- 
ric acid,  without  change  of  form ;  in  other  words,  these  acids 
are  isomorphous.  But  the  formula  of  sulphuric  acid  is  8  0  , , 
and  we,  therefore,  conclude,  that  the  formula  of  chromic  add 
is  Cr  0, ;  which  agrees  perfectly  with  the  first  observation, 
that  it  contains  twice  as  much  oxygen  for  the  same  weight  of 
chromium  as  the  oxide  does ;  for  Cr  O,  is  the  veiy  same  pro- 
portion as  Cr^  0^. 

The  following  isomorphous  mups  have  been  established, 
and  the  existence  of  more  is  hi^ly  probable: — 


Gold 


Ag 
Aa 


Anenioni  Acid  (in  its 

unusual  form)  .     Asg 

Sesquioxide  of  Antimony  Sbg 


Alumina        .        •    < 
Seeqaioxide  of  iron      , 

„        chromium  . 

„        manganese « 


Mn,  O3 


Fhosplioric  add 
Arsenic  add  . 


Sulphuric  add 
Selenic  acid    • 
Chromic  acid 
Manganic  add 


Hypermanganic  add 
Hyperchloric  add 


p. 

Asg 

S 
Se 
Cr 

Mn 


Mn„ 
CI* 


^ 
O, 
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10. 


Lime  (in  Iceland  >]»r)     . 

Ca   0 

Magnesia 

MgO 

Pfotoxide  of  iron        .     . 

Fe    0 

MnO 

„        zinc       « 

Zn  O 

„       cobalt        .    . 

Co  O 

„        nickel    • 

Ni    O 

„        copper       *    . 

Cu  0 

„        lead      (in 

plumbo  calcite)  • 

Pb   0 

Satiofpotaah    .         •     •    E    O 
Saltaof  oxide  of  ammoniom    Am  O 
(Or  ammoois    NH»    + 
intcr,HO  =  KH4  0) 

8. 

QxidacfailYcr       «  •  Ag  O 

Qnde  of  aodium  •    «  Na  O 

9. 

BsTta           .        •  .  Ba  O 

Strania     .         .  «    .  8r  O 

Lime  (in  amgonlte)  •  Ca  O 

Oxide  of  lead     •  •    .  Pb  O 

The  above  groups  are  almost  all  foimed  of  eomponnds; 
dtlier  because  these  compounds  are  foimd  to  be  actually  iso- 
Boiphoiis  when  themselves  crystallised,  as,  for  example,  the 
sesqniozides  in  gronp  3 ;  or  because  they  may  be  mntnallv 
sabstitiited  for  each  other,  in  those  compounds  into  which 
they  enter,  without  change  of  fonn.  This,  as  we  have  seen,  is 
the  ease  with  the  sesqnioxides  in  the  alums ;  and,  indeed,  three 
of  these  oxides  have  been  obtained  in  cnrstals,  and  found  to 
be  themselves  isomorphons.  But  it  is  also  the  case  with  the 
adds ;  for  example,  in  groups  4  and  5,  although  we  do  not 
positively  know,  what  is,  however,  most  probable,  that  these 
adds  possess,  in  each  group  respective^,  the  same  form. 
Althoi^,  for  example,  we  cannot  say  that  arsenic  and  phospho* 
licadds  are  themselves  isomorphous,  since  they  do  not  ciystal- 
hse,  yet  their  salts  are  strictly  isomorphous  ;  and  the  analogy 
extendB  not  only  to  form,  bnt  to  colour,  taste,  and  many  other 
extenial  qualities.  So  strong,' indeed,  is  this  external  resem* 
blanoe  that,  in  many  cases,  we  must  actually  decompose  one 
of  these  salts,  and  ascertain  whether  it  contain  arsenic  or 
pho^honia,  before  we  can' say  whether  the  salt  is  an  arseniate 
or  a  phonihate*  The  same  extraordinanr  similarity  in  all 
extenal  cbaracteis,  is  seen  in  the  salts  of  the  sulphuric  and 
sdenie  acids. 

We  can  hardly  doubt  that  not  onlv  the  salts,  but  the  acids, 
are  xeally  isomorphous,  and  would  be  found  so,  if  we  could 
obtain  tliem  all  in  crystals ;  and  we  have  the  same  reason  to 
eonchide  that  the  elements  of  these  acids  are  also  isomorphous ; 
that  arsenic  and  phosphorus,  sulphur  and  selenium,  for  ex* 
anmle,  oyatallise  m  the  same  form. 

Indeed,  the  only  plausible  explanation  of  the^  existence  of 
iaomoiphoQB  groups  of  compounds  is,  that  the  elements  charac- 
teriaisg  those  groups  aie  isomoiphous^  and  that  hence  their 
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analogous  oompounds  are  so.  If  ve  assume  that  aiseiuc  and 
phospnonis  are  isomorphous^  then  we  see  that  As^  O,  must 
be  isomorphous  with  P,  0.,  since  the  oxygen  in  DOth  is,  of 
course,  the  same.  In  like  manner,  arseniate  of  soda,  As,  O^,  2 
Na  O,  HO,  24  aq .,  must  be  isomorphous  with  phosphate  of  soda, 
P.  Og,  2NaO,  HO,  24aq.,  since  all  the  elements  in  these  two 
suts  are  the  same  in  nature,  number,  and  arrangement,  except 
that  As^  in  the  first  is  replaced  by  P.  in  the  second,  and  the  ele- 
ments As  and  P  have  been  assumed  to  possess  the  same  form. 

There  is  one  case  which  requires  explanation.  It  is  the 
isomorphism  of  potash,  KO,  and  oxide  of  ammonium  NH^ ; 
or,  in  other  words,  ammonia  with  1  at:  water,  NH,  HO. 
Here  we  have  a  body  composed  of  6  equivalents  isomorphous 
with  one  containing  only  two.  But,  on  the  one  hand,  there  is 
cood  reason  to  believe  that  the  com^und  metal,  ammonium, 
NH^  exists ;  and  if  we  represent  this  by  a  single  s]rmbol  Am, 
its  oxide  will  be  Am  0,  corresponding  in  constitution  to  KO, 
each  being  formed  of  I  eq.  metal,  and  1  eq.  oxygen.  It  is 
true,  Am  is  a  compound  ;  hut,  on  the  other  hand,  this  com- 
pound acts  as  an  element,  and  Am=NH^  is  only  I  eq.  ^ 
meial.  Besides,  we  cannot  be  certain  that  even  potassium,  K, 
is  not  also  a  compound,  although  we  have  not  as  yet  succeeded 
in  decomposing  it,  if  it  be  one.  At  all  events,  it  is  a  facty 
that  NH^  may  be  substituted  for  K  without  affecting  the  form 
of  the  compound  in  which  the  substitution  is  made,  as  in  the 
alums ;  and  we  have  only  to  assume  that  the  compound  NH 
happens  to  be  isomorphous  with  the  simple  substance  K,  and 
all  the  facts  would  follow. 

We  shall  have  occasion  to  return  to  the  subject  of  isomor-i 
phismj  when  treating  of  salts  (generally,  and  of  their  crystal- 
lisation. 

Isomerism. 

We  have  seen  that,  as  a  general  rule,  analogy  of  composttioa 
implies  analogy  or  similarity  in  fonn  and  external  properties. 
But  it  has  been  observed  in  a  number  of  cases,  that  two  or 
more  compounds,  formed  of  the  same  elements,  in  the  same 
relative  proportions,  and  having,  therefore,  the  same  composi^ 
tion  in  100  parts,  are  yet  entirely  distinct  £rom  each  other  in 
all  their  properties.  Such  bodies  are  called  isomeric  bodies 
(from   itro  equal,  and  fupos^  part.) 

It  is  obvious  that,  as  the  proportions  of  the  elements  are  the 
same,  the  source  of  the  difference  in  properties  must  be  sought 
for  in  the  absolute  number,  or  in  the  arrangement  of  the  atoms. 
Thus,  acetic  ether  and  aldehyde  are.  two  entirely  difenent 


ISOlfBRIBM.  43 

liquids,  containing  exactly  the  same  relative  proportions  of 
carbon,  hydrogen,  and  oxprgen.  These  proportions,  reduced 
to  the  smallest  number  of  atoms,  are  C,  H^  0.  Now,  there 
is  no  doubt  that  the  absolute  numbera  in  aldehyde  are 
C^  H^  0, ;  and  there  is  also  no  doubt  that  the  absolute  num- 
ber of  equiyalents  in  acetic  ether  is  G,  H,  0^*  Here  it  is 
evident  that,  although  the  proportions  are  the  same,  the  Equi- 
valent of  acetic  ether  is  twice  as  large  as  the  equivalent  of 
aldehyde.  Again,  the  composition,  in  100  parts,  and  conse- 
quenUy  the  relative  proportions  of  the  elements,  of  urea  is 
exactly  the  same  as  m  hydrated  cyanate  of  ammonia  ;  while 
the  equivalent  of  both  compounds  appears  to  be  the  same,  or, 
in  other  words,  they  contain  the  same  absolute  number  of 
atomj?  of  the  element*  But  we  know  that  the  hydrated 
cyanate  of  anmionia  is  represented  by  NH.+C,  NO,  HO  ; 
and  that  urea  contains  neither  ammonia  NH,,  nor  cyanic 
acid  C,  NO.  Let  us  suppose  the  atoms  in  urea  to  be  simply 
united  thus,  C,N,H^O,,  and  we  see  at  once  that  the  same 
relative  and  absolute  number  of  atoms  may  readily  give  rise 
to  perfectly  distinct  compounds.  In  some  cases,  we  know 
what  the  arrangement  is  in  both  compounds.  Thus,  hydrated 
acetic  acid,  C  H3O,,  HO,  and  formiate  of  oxide  of  methule, 
CyH^O+C.HO  ,  both  contain  C  H.O^.  Such  isomeric  com- 
pounds are  called  metamerie;  and  where  the  absolute  number 
of  atoms  differs,  pofymerie;  where  the  absolute  number  in  one 
or  both  is  unknown,  they  are  called  simply  isamerie. 

It  is  easy  to  see  tnat,  wherever  the  atoms  of  the  elements  of 
a  compound  admit  of  more  than  one  arrangement,  metamerie 
oompqunds  ma^  occur.  In  binary  compounds,  such  ^b  water,. 
H0>  there  is  but  one  arrangement  possible,  as  long  as  the 
absolute  number  of  atoms  is  not  doubled,  trebled,  or  still 
further  multiplied.  But  in  such  a  compound  as  peroxide  of 
iron,  Fe^O,,  for  example,  the  elements  might  yield  several 
metamerie  compounds,  such  as  2FeO+0,  FeO-f  FeO,,  Fe+ 
FeO„  not  to  mention  the  multitude  of  compounds  which 
might  be  formed  with  precisely  the  same  composition  in  100 
parts,  by  increasing  the  absolute  number  of  atoms. 

The  discovery  of  isomerism,  however  unexpected,  is  thus 
entirely  consistent  with  the  atomic  theory,  of  which  it  is 
merely  a  special  case.  Isomerism  is  of  very  frequent  occur- 
rence among  oiganic  compounds,  owing,  no  doubt,  to  their 
usually  laxge  atomic  weights,  since  the  numerous  atoms  of  the 
elements  Skffoid  much  scope  for  isomeric  modifications ;  and 
doubtless  tins  principle  plays  an  important  part  in  the  pro- 
cesses of  oi]gpimc  life  and  growth,  as  well  as  in  decay« 
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Having  premised  the  preceding  general  or  introdnctoiy 
remarks,  we  now  proceed  to  the  actual  description  of  the 
elements,  and  of  their  compounds,  which  constitutes  Chemistry, 
properly  so  called. 

It  is  not  possible,  in  the  present  state  of  our  knowledge,  to 
follow  any  arrangement  that  shall  not  he  open  to  objection. 
The  different  classes  or  groups  of  elements  are  not  so  clearlr 
characterised  as  to  permit  us  to  follow  a  strictly  scientinc 
arrangement,  and  therefore  we  shall  only  adhere  to  the  divi- 
dion  of  the  elements  into  metalloids  and  metals ;  and,  begin- 
ning with  the  former,  describe  the  elements  in  the  order  of 
their  importance  and  interest.  It  has  already  been  stated  that 
eiven  this  division  is  not  always  fully  observable,  since  sele- 
nium is  classed  by  some  as  a  metal,  and  arsenic  by  others  as 
a  metalloid. 

METALLOIDS. 

There  can  be  no  hesitation  as  to  that  element  which,  being 
the  most  important  of  all,  ought  to  be  first  treated.  We 
therefore  proceed  to  describe — 

1.  OXTGBH.     0  =  8.013. 

which  is  of  all  elements  the  most  abundant ;  forms  89  p.  c.  by 
weight  of  all  the  water,  and  23  p.  c.  of  the  atmospheric  air  of  our 
globe ;  exists  in  all  rocks,  except  rock  salt ;  and  is  an  essential 
element  in  all  animal  or  vegetable  bodies.  It  constitutes  at 
least  4  of  the  weight  of  our  earth. 

Obtained  most  easily  by  applying  a  heat  rather  below  red- 
ness to  a  mixture  of  chlorate  of  potash  with  -^  of  its  weight 

of  peroxide  of  man- 
ganese. The  latter 
undeigoes  no  change, 
but  promotes  in  a 
high  degree  the  de- 
composition of  the 
chlorate.  The  mix- 
ture being  intro- 
duced into  a  small 
retort,  or  a  small 
flask  with  a  bent 
tube,  may  be  heated 
by  a  spirit  lamp, 
and  the  gas,  which 
comes  off  very  abun- 
dantly and  rapidly,  collected,  over  water,  in  the  pneumatic 
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trough.  The  chemical  change  caused  in  the  chlorate  bj  heat 
it  represented  as  f oUows : 

K0,C10a=:Ka  +  0e 

That  18, 1  eq.  of  the  salt  yields  1  ea.  chloride  of  potassiiim^ 
KG],  which  remains  in  the  retort,  and  6  eq.  of  oxygen,  which 
escapes  in  the  fonn  of  gas. 

Properfieg. — ^A  gas,  colourless,  tasteless,  inodorous.  Specific 
giavity  (air=l*00O)  1*1026,  or,  according  to  Thomson,  I'llll. 
A  hnnuxig  body,  as  a  match  of  wood  or  paper,  bums  in  the  gas 
with  greatljr  increased  brilliancy ;  a  spark  on  a  piece  of  wood 
busts  oat  into  flame.  Iron  wire  bams  in  it,  when  heated 
white  hot,  with  beaatifnl  sparks.  Phosphoras  boms  in  it  with 
an  intense  daaling  white  light,  &c. 

Oxygen  combines  with  all  the  other  elements  (except 
poiups  flaorine),  and  with  most  of  them  in  seyeral  proi>ortions. 
The  combostion  of  bodies  in  oxygen  is  nothing  bat  their  com- 
bination with  that  element ;  the  process,  from  the  eneigy  of 
the  affinities,  being  attended  with  heat  and  lidbt.  Thas,  when 
inm  boms  in  oxygen,  it  yields  oxide  of  iron,  Fe  0  ;  and  when 
^UMfkhoms  boms  in  oxygen,  it  produces  phosphoric  acid, 
P,  Of.  In  all  sach  cases,  the  oxyeen  and  the  combustible 
hodv  disappear,  and  a  new  compound  results.  * 

CJombostion,  or  the  combination  of  a  combastible  with 
iajgeOf  goes  on  in  atmospheric  air,  but  much  lees  rapidly 
and  yivifiy  than  in  pure  oxygen,  because,  in  air,  the  oxygen 
is  dilated  with  four  tunes  its  bulk  of  nitrogen. 

Many  substances  slowly  combine  with  oxysen  without  the 
development  of  heat  or  light ;  as,  for  example,  iron,  when  it 
mats. 

In  every  case  the  combastible  is  said  to  be  oxidised,  or  to 
nndeigo  oxidation,  and  (be  compound  formed  is  termed  an  oxide* 

The  whole  stractnre  of  modem  Chemistry  in  founded  on  the 
above  simple  theory  of  combustion,  first  proposed  by  Lavoisier ; 
who,  by  using  the  balance,  discovered  uiat  the  burning  body 
becaaie  heavier  during  the  process,  and  could  not,  therefore, 
aeeoiding  to  the  then  prevalent  theoiy,  have  lost  phlogiston 
(an  hnaginaiy  element),  or  anything  else. 

Lavoisier  naving  observed^  that  all  the  adds  then  known 
wen  compounds  of  oxygen  with  combustible  bodies,  concluded 
that  acidity  depended  on  the  presence  of  oxygen,  and  named 
that  element  accordingly  (from  o^vs,  acid,  and  ytwamy  to  pro^ 
dooe).  The  name  is  sUU  retained,  although  we  are  now  ac- 
quainted with  many  adds  which  contain  no  oxygen ;  and 


46  OXYGEN  • — COXBUSTIOK. 

although,  according  to  views  now  considered  probable  j  hydro«;en 
has  more  claim  to  the  title  of  the  producer  of  acids  than 
oxygen.  Besides,  oxygen  is  now  known  to  be  an  essential  in- 
crement in  bases,  the  b^c  power  of  which  really  seems  to  be 
in  a  close  relation  to  their  amount  of  oxygen.  But  the  incon- 
Yenience  of  changing  the  name  would  be  very  great,  so  that, 
while  many  of  the  views  of  Lavoisier  have  been  abandoned, 
his  names  are  retained. 

Lavoisier,  among  other  views,  held  that  combustion  could 
not  take  place  without  the  presence  of  oxygen.  But  subse- 
quent experience  has  shown  that  although  all  combustions  in 
our  atmosphere,  or  in  oxygen  gas,  depend  on  the  presence  of 
oxygen ;  tne  phenomenon  of  combustion  is  nothing  more  or 
less  than  chemical  combination,  attended  by  heat  and  light. 
Many  examples  might  be  adduced  of  combustion  without 
oxygen ;  take,  for  example,  the  case  of  iron  and  sulphur,  which, 
when  heated,  combine  with  much  heat  and  light ;  or  that  of 
phosphorus  which,  when  introduced  into  chlorine,  takes  fire 
and  bums,  combining  with  the  gas.  Although,  therefore, 
oxygen  is  concerned  in  all  ordinary  combustions,  that  is,  in  all 
which  take  place  in  our  atmosphere,  the  student  must  bear  in 
mind  the  true  definition  of  combustion  ; — namely,  ''chemical 
combination,  attended  with  heat  and  light.'* 

Oxvffen  has  been  termed  a  suppoi-ter  of  combustion,  as  dis- 
linguished  from  a  combustible  body,  such  as  phosphorus.  But 
we  are  not  to  suppose  that  the  oxygen  has  any  greater,  or  any 
other  share  in  combustion,  than  the  phosphorus.  It  so 
happens,  that  the  oxygen  is  a  gas,  and  the  phosphorus  a  solid. 
The  heat  and  light,  therefore,  appear  to  proceed  from  the  pho»- 
phorus ;  because  tiie  combustion  can  only  take  place  where 
the  two  bodies  are  in  contact.  But,  in  reality,  botn  bodies  are 
equally  concerned  in  the  production  of  the  heat  and  light ; 
and  while  we  may  call  phosphorus  a  supporter  of  combustion 
as  well  as  oxygen,  we  may  call  oxygen  a  combustible  as  well 
as  phosphorus. 

In  all  combustions  in  our  atmosphere,  the  heat  and  light, 
as  above  explained,  although  derived  equally  from  both  bodies, 
or  rather,  from  the  process  of  combination,  appear  to  proceed 
from  what  is  usually  called  the  combustible,  or  burning  body. 
But  this  is  merehr  appearance  ;  for  while  a  jet  of  hjrdrogen,  set 
fye  to  in  a  jar  of  oxygen,  seems  to  bum  and  to  give  out  the 
heat  and  light,  a  jet  of  oxygen  in  a  jar  of  hydrogen  may  be  set 
fire  to  and  will  then  appear,  as  the  hydrogen  did  before,  to  be 
the  source  of  the  heat  and  light,  which  in  both  cases  was  de- 
rived from  the  combination  of  oxygen  with  hydrogen. 
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Oacygen  is  necesiaiy  to  the  respiiation  of  animals ;  but  for 
this  purpose  pure  oxygen  is  not  fitted ;  and  it  has,  therefore, 
in  onr  atmosphere  been  dilated  with  four  times  its  Yolmne  of 
another  gas. 

When  a  laise  quantity  of  oxygen  gas  is  required,  it  is  gene- 
rally prepared  by  heating  to  redness,  in  an  iron  bottle,  the 
peroxide  of  manganese,  of  which  88  parts  yield  8  of  oxygen, 
according  to  the  equation  SMnO,=Mn,  0,  +0.  Oxygen 
may  also  be  obtained  by  the  action  of  heat  on  nitrate  of  potash 
or  nitre,  on  red  oxide  of  mercury,  or  on  red  oxide  of  lead.  In 
practice,  the  chlorate  of  potash  (of  which  124  parts  yield  48 
of  Tery  pure  oxygen),  although  rather  a  dear  salt,  and  the 
peroxide  of  manganese,  which,  although  not  very  productive, 
w  vei^  chei^,  are  al<Hte  employed.  On  the  small  scale,  the 
peroxide  of  manganese,  heated  with  sulphuric  acid,  yields 
twice  as  much  oxygen  as  when  heated  per  se,  according  to  the 
equation : 

MnOa  +  SO,=Mn  0,S0,+0. 

The  sulphate  of  protoxide  of  manganese,  Mn  0, 80  ,  re- 
mains  in  me  retort.  This  process  is  troublesome,  and  the 
retort  is  generally  broken  during  cooling.  A  better  process, 
lately  proposed,  is  to  heat  bichromate  of  potash  with  an  excess 
of  scuphuric  add. 

Since  oxygen  unites  with  all  the  other  elements,  and  forms 
very  numerous  and  important  compounds,  it  may  be  well  here 
to  mention  the  principal  classes  of  oxidised  boaies,  or  oxides, 
as  the  compounos  of  oxygen  are  called. 

The  most  numerous  cl^  of  oxides  is  that  of  the  basic  oxides 
or  bases.  These  are  formed,  in  every  case,  by  the  union  of  a 
metal  with  oxygen.  The  most  frequent  formula  for  a  basic 
oxide  is  MO  (M  representing  1  eq.  of  a  metal).  Examples, 
potash,  KO,  lime,  Ca  0,  protoxide  of  iron  Fe  0,  protoxide  of 
maiu^ese,  Mn  O.  Such  bases  are  called  protoxides.  Next 
to  these  in  importance  are  the  sesquioxides,  the  formula  of 
which  is  Mjy  O,.  Examples,  sesquioxide  of  iron  Fe,  O,,  ses- 
quioxide  of  manganese,  Mn  0,,  sesquioxide  of  antimony,  Sb, 
O,.  Sesquioxides  are  in  all  cases  weaker  bases  than  the  pro- 
toxides of  the  same  metals  ;  and,  generally  speaking,  they  are 
found  to  be  weaker  bases  than  protoxides.  There  are  a  very 
few  basic  oxides  of  the  formula  MO,.  Example,  deutoxide 
or  binoxide  of  tin  Sn  O,.  Fiioally,  there  are  also  a  very  few 
basic  oxides,  of  the  formula  M,  0.     Example,  suboxide  of 
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copper,  On,  0.  Both  these  last  kinds  of  bases  are  veiy  feeble, 
compared  to  the  preceding  kinds. 

The  next  important  ckss  of  oxides  is  that  of  the  oinr^n 
acids.  These  are  most  frequently  composed  of  metalloids 
nnited  to  oxygen ;  but  there  are  also  oxygen  acids  formed  of 
metals  nnited  to  oxygen.  Examples  of  the  former,  carbonic  acid 
GO,,  sulphoric  acid  S  O,,  phosphoroos  add  P,  0,,  phospho' 
ric  acid  P.  O,,  nitric  acid  NO.,  h3rperchloric  add  CI  0,  :  of 
the  latter,  arsenious  acid  As,  63,  antimonioas  acid  Sb,  O^, 
antimonic  add  Sb,  0^,  chromic  acid  Cr  O 3,  manganic  acid 
MnO  ,  hypermanganic  acid  Mn,  0,.  It  will  be  observed, 
that  the  formulsB  of  acids  are  very  various ;  and  it  will  also 
be  noticed  that  where  a  metal  forms  an  acid  with  oxy^n, 
that  add  contains  more  oxygen  than  the  basic  oxide  or  oxides 
of  the  same  metal.  Thus,  sesquioxide  of  antimony  which  is 
basic,  is  Sb,  O3,  while  antimony  forms  two  adds,  one  Sb  O,, 
or  Sb,  0^,  and  the  other  Sb^  Og. 

The  third  class  of  oxides  is  tluit  of  the  neutral  or  indifferent 
oxides.  These  are  neither  decidedly  acid,  nor  deddedly  basic, 
and  some  of  them  play  both  parts ;  on  the  one  hand  combining 
with  bases,  as  a  weak  acid  would  do ;  on  the  other,  uniting 
with  adds  like  a  weak  base.  This  is  the  case  with  water  H  O, 
which,  itself  neutral,  combines  both  with  adds  and  bases, 
forming  compounds  which  are  still  add  or  basic,  and  axe  called 
hydrates.  Examples,  HO,  SO,,  oil  of  vitriol,  or  hydrated 
sulphuric  add ;  KO,  H  0,  caustic  potash,  or  hydrate  of  potaaii. 
Others  do  not  enter  into  any  combination,  but  are  strictly 
indifferent;  such  as  deutoxide  of  hydrogen, HO,,  and  deut- 
oxide  (binoxide,  peroxide,  or  superoxide)  of  manganese. 
Where,  as  in  this  last  example,  the  metal  sJso  forms  a  basic 
oxide,  or  oxides,  and  an  add  or  adds,  it  is  important  to  notice, 
that  Uie  indifferent  oxide  is  intermediate  in  composition,  as  if 
a  certain  proportion  of  oxygen  communicated  basic  properties^ 
a  somewhat  laiger  proi>ortion  destroyed  these  without  pro- 
ducing addity,  and  a  still  larger  share  of  oxygen  gave  to  the 
compound  distinctly  add  characters.  By  inspecting  the  oom« 
pounds  of  manganese  with  oxygen,  we  further  see  that  of  the 
two  basic  oxides,  both  of  whidi  contain  less  oxygen  than  the 
indifferent  oxide,  or  superoxide,  that  which  contains  the  most 
oxygen  is  the  weaker  base. 

Mn   O    Protoxide  of  manganese.  A  powerful  baae. 

Mn^  O3  Sesquioxide  of     do.  A  feeble  baae. 

Ma    Og  Superoxide  of      do.  Neither  basic  nor  acid. 

Mn    Og  Manganic  add.  A  strong  acid. 

Mn^  Oj  HTpermanganic  add.  A  strong  add. 
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When  the  superoxide,  or  indifferent  oxide  of  &  metal,  is  acted 
(HI  by  an  acid  it  loses  oxygen,  while  a  basic  oxide,  being  left, 
eombtnes  with  the  acid ;  as  in  the  process  for  obtaining  oxygen 
by  the  action  of  sulphnric  add  on  peroxide  of  manganese,  given 
and  explained  at  p.  47. 

Oxjgea  was  discoTered  by  Priestley,  in  1774 ;  and  in  the 
following  year  by  the  Swedisn  chemist,  Scheele,  without  any 
knowled^  of  Priestley^s  discoveiy.  The  time,  in  fact,  had 
come  when  Chemistry  was  studied  in  the  tne  scientific  spirit ; 
and  had  these  illustnons  men  not  then  discovered  oxygen,  it 
musty  nevertheless,  have  been  very  soon  discovered  by  some 
onedse. 

2.  HvimooiN.    H  =  1. 

Occnrs  in  nature  only  in  combination,  chiefly  in  the  form  of 
water,  of  which  it  constitntes  11  per  cent,  by  weight.  It  is  an 
enential  ingredient  in  all  oraanised  bodies. 

It  mav  be  easily  prepared  by  causing  dilutedsulphuric  or 
hydrochloric  acid  to  act  on  iron  filing,  or  on  granulated  zinc. 
llie  best  apj»aratu8  for  the  purpose  is  a  wide-mouthed  bottle, 
fomiBhed  with  a  doeely-fitting  cork.  In  this  cork  are  made 
two  holes,  into  one  of  which  a  tube  properly  bent  is  closely 
fitted,  while  into  the  other  is  inserted,  also  air-tight,  a  straight 
tube,  reaching  to  the  bottom  of  the  bottle,  and  widened  at  its 
upper  end,  so  as  to  form  a  funnel.  Both  tubes  are  open  at  both 
ends,  and  the  bent  tube  terminates,  within  the  bottle,  just 
below  the  cork,  while  its  further  end  dips  under  water  in  the 
pneomatic  trough. 

The  metal  b^ng  introduced  into  the  bottle,  and  covered  to 
the  depth  of  an  inch  with  water,  the  cork  with  the  tubes  is 
fitted  in  ;  die  acid  is  poured  in  through 
the  straight  tube,  and  the  bottle  shaken, 
soas  to  mix  the  acid  and  water  thoroughly. 
Enough  of  acid  should  be  added  to  cause 
a  brisk,  but  not  violent  effervescence ; 
and  as  the  end  of  the  straight  tube  is 
covered  by  the  liauid,  the  gas  produced 
can  only  escape  through  the  bent  tube. 
Care  must  be  taken  not  to  collect  the 
gas  for  use  until  the  whole  of  the  air 
originally  in  the  upper  part  of  the  bottle 
has  been  expelled ;  otherwise  the  appli- 
cation of  a  light  might  cause  a  dangerous 
exnlosion.  Perhaps  the  safest  way  is  to 
collect,  in  a  large  jar  full  of  water,  as 
much  of  the  gas  which  first  escapes  as  would  suffice  to  fill  the 
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gas-bottle  twice,  and  to  throw  this  away :  what  comes  snibse- 
quentlv  is  pure.  When  the  current  of  gas  slackens,  the  addi- 
tion of  a  little  more  acid,  through  the  straight  tube,  causes  it 
again  to  go  on  as  briskly  as  at  first. 

When  zinc  and  hydrochloric  acid  are  employed,  the  process 
is  represented  by  the  following  equation  :  Zn  +  H  Gl  =  H  + 
Zn  Gl.  That  is,  the  zinc  takes  the  chlorine  of  the  acid,  form- 
ing chloride  of  zinc,  and  the  hydrogen  is  separated.  When 
iron  and  sulphuric  acid  are  used,  the  process  is  expressed  by 
the  equation  Fe  +  HO,SO,  =e  H  +  Fe  0,  SO,.  Here  the 
hydrogen  is  supposed  to  proceed  from  water,  the  oxygen  of 
which  forms,  with  the  iron,  protoxide  of  iron,  which  again 
unites  with  the  sulphuric  acia,  fonning  sulphate  of  protoxide 
of  iron.  It  is  to  be  observed,  that  this,  the  generally  received 
explanation  of  the  latter  process,  is  very  different  from  that  of  the 
former,  although  the  phenomena  in  both  are  the  same,  namely, 
the  escape  of  hydro^n  and  the  formation  of  a  neutral  salt. 
When  treating  of  acids  and  salts,  we  shall  see  how  it  is  pos- 
sible to  do  away  with  this  complexity,  and  to  bring  both  pro^ 
cesses  under  one  foimula, 

(The  above  simple  method  of  obtaining  hydrogen  gas  is 
equally  applicable  in  all  cases  where  a  gas  is  to  be  produced  by 
the  action  of  an  acid  on  a  solid  body,  without  the  aid  of  heat ; 
as  in  the  cases  of  deutoxide  of  nitrogen,  sulphuretted  hjrdrogen, 
carbonic  acid,  kc.  It  has,  therefore,  been  described  minutely, 
and  will  hereafter  be  referred  to  in  describing  the  preparation 
of  the  above  gases.) 

Properties. — Hydrogen  is  a  gas,  colourless,  tasteless,  and, 
when  quite  pure,  devoid  of  smell.  When  prepared  from  com- 
mon zinc  or  iron,  it  contains  some  foreign  body,  which  gives  it 
an  unpleasant  smell.  It  is  the  lightest  body  Imown,  its  Sp.  G. 
being  0.0694  (Air  =  1),  or  16  times  less  thian  that  of  oxyeen. 
A  ligtited  candle,  introduced  into  hydrogen,  is  extinguished,  out 
the  hydrogen  takes  fire  at  the  mouth  of  the  vessel,  where  it  is 
in  contact  with  the  oxygen  of  the  air,  and  bums  rapidly  away, 
giving  out  but  little  light,  with  an  intense  heat,  and  producing 
water,  which,  by  proper  means,  may  be  condensed  and  collected. 
Hydrogen  gas  is  not  absorbed  by  water. 

Hydrogen  does  not  combine  so  readily  with  other  bodies  as 
oxygen  does.  It  may  be  made,  however,  to  combine  with  most 
of  the  metalloids  and  with  a  few  of  the  metals.  With  chlorine, 
bromine,  iodine,  and  fluorine,  it  fonns  powerful  acids,  the  gene- 
ral formula  of  which  is  H  R  ;''^  with  carbon,  sulphur,  phosphoms, 

*  R  here  stands  for  1  eq.  of  any  of  the  metaUoids  just  mentioned. 
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ideiiiiim,  tellnrram,  and  arsenic,  it  formB  eombiistible  gases, 
several  of  which  have  acid  properties.  With  nitrogen  it  forms 
ammonia,  NH,,  and  probably  two  other  compounds,  ammo^ 
ninm,  NH^,  and  amidogen,  NH,. 

From  its  extreme  lightness,  100  cnbic  inches  weighing  only 
abont  2*5  ps,,  while  common  air  is  about  14  times  heavier, 
hydrogen  is  nsed  for  filling  balloons. 

'  Besides  the  processes  above  described,  hydrogen  is  obtained 
by  passing  the  vapour  of  water  (steam)  over  red  hot  iron  wire, 
when  the  iron  is  oxidised  at  the  expense  of  the  water  ;  also 
by  placing  potassium  or  sodium  in  water,  when  these  metals 
are  instantly  oxidised  ;  and  by  heating  to  redness  a  mixture 
of  potash,  or  soda,  and  oiganic  matter,  ench  as  sugar,  Avr* 
dint,  &c. 

HYDBOOEN  AND  OXTOBN. 

a.  Water.    fiO=r9013. 

Hydrogen  may  readily  be  made  to  unite  with  oxygen,  whether 
pure  or  in  the  form  of  atmospheric  air.  When  hydrogen  is 
mixed  with  oxygen  or  with  air,  the  nuxture  takes  fire  and 
explodea  violenUy  on  the  approach  of  a  flame,  or  when  the 
deebic  apark  is  passed  through  it  A  jet  of  hydrogen,  issuinff 
from  a  tnoe,  maybe  set  fire  to  by  the  same  means ;  aand  in  both 
eases,  water  is  the  only  product. 

We  .have  already  seen  that  1  grain  of  hydrogen  combines 
with  8  of  oxygen  to  form  water  ;  and  as  no  other  element  takes 
«p  so  Luge  a  proportion  of  oxygen,  this  is  probably  the  reason 
why  the  combmation  of  hydrogen  with  oxygen  is  attended  with 
•omtenseaheat. 

If  hydrogen  and  oxygen  be  mixed  in  the  exact  proportion  of 
3  vol.  of  the  former  to  1  vol.  of  the  latter,  and  the  mixture  set 
fire  to,  as  it  issues  from  a  small  tube,  the  most  intense  heat  is 
prodnoed  that  it  is  possible  to  obtain  b^  combustion.  The 
flame  of  the  oxy-hydrogoi  blowpipe,  as  it  is  called,  readily 
melts  platinum  and  pipe-clay,  substances  which  resist  the  foe 
of  the  hottest  furnaces.  By  this  means,  Mr.  A.  Kemp  has 
melted  6  oz.  of  platinum  at  once. 

The  gases,  if  previously  mixed,  should  be  made  to  pass 
through  a  safety-apparatus  before  being  set  fire  to ;  but,  as 
aoeidaitB  have  occurred  even  when  the  safety-api>aratus  was 
ssed,  it  ia,  in  all  cases,  better  to  keep  the  ^aes  in  separate 
na-holden,  and  to  allow  them  to  mix  only  in  the  tube,  just 
Mion  they  are  ignited,  xegulating  the  flow  of  the  two  gases 
a2 
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Any  excew  of  either 


=5=fiOl 


80  aa  to  obtun  the  most  intense  heat. 

gas  cools  the  flame 

and   diminishes  the 

effect.     For  the  iet 

best  adapted  to  this 

experiment^  see  the 

cut. 

When  a  i>oTtion  of 
spongy  pktinum,  or 
of  the  finely-divided 
black  powder  of  that 
metal,  is  introduced 
into  a  mixture  of 
hydrogen  with  oxy- 
gen, or  with  air,  the 
platinum  soon  be- 
comes red-hot,  and 
then  the  explosion 
instantly  follows.  Or 
if  a  jet  of  hydrogen 
be  thrown  on  the 
metal  in  the  air,  it 
becomes  red-hot  and  ignites  the  jet.  On  this  principle  is 
constructed  the  beautiM  instantaneous  light  apparatus  of 
Dobereiner. 

It  would  appear  that  the  platinum  possesses  the  property  of 
causing  hydn^en  and  oxygen  to  combine  on  its  surface,  whereby 
heat  is  developed  sufficient  to  make  the  metal  red-hot ;  and  it 
then  acts  as  any  other  red-hot  body,  such  as  flame,  would  do, 
in  causing  the  explosion. 

The  observations  of  Ddbereiner  on  the  properties  of  the 
black  powder  of  platinum  may  assist  us  to  explain  this  sin- 
gular property  of  platinum.  He  found  that  the  powder  con- 
densed within  its  pores  263  times  its  volume  of  oxysen,  and  as 
the  pores  occupy  only  ^  of  the  bulk  of  the  powder,  this  oxygen 
must  be  in  a  state  of  condensation  such  that  it  occupies  only 
xdVtt  of  its  volume  in  the  form  of  gas.  In  this  state  it  must 
be  denser  than  water,  and  we  may  easily  conceive  how  it  ia 
thus  rendered  capable  of  at  once  combining  with  hjrdrosen^ 
S^ngy  platinum  only  differs  from  the  powder  in  being  less 
minutely  divided. 

If  a  jet  of  hydrogen  be  set  fire  to  and  a  cold  dry  bell  jar  held 
over  the  flame,  the  inside  of  the  jar  will  instanuy  be  covered 
with  a  film  of  dew,  which  rapidly  increases,  and  at  last  con- 
denses into  drops  of  water.    This  water,  if  collected,  is  found. 


COltPOSmON  0^  WA1B8. 


53 


to  be  quite  pure ;  and  if  a  known  weight  of  hydrogen  he  hnrned^ 
and  the  whole  water  collected  without  loss,  the  weight  of  the 
vater  will  he  9  times  that  of  the  hydrogen ;  the  difference,  or 
6  nuti  in  9  of  water,  is  oxygen. 

This  most  importamt  point,  namely,  the  true  composition  of 
^ater,  may  he  ascertained  in  other  ways.  Thus,  if  two  vols, 
of  pore  hydrogen  and  1  vol.  of  pure  oxygen  he  mixed  and  con- 
Hoed  OTer  water  or  mercury,  and  if  the  electric  spark  be  passed 
throD^^  the  mixture,  both  gases  will  entirel}r  disappear,  and 
viter  alone  will  be  the  product.  If  the  experiment  oe  made  in 
a  pduated  tube,  and  if,  for  example,  210  vols,  of  hydrogen  be 
mixed  with  100  Yols.  of  oxygen,  and  the  mixture  exploded,  10 
vols,  of  hydrogen  wUl  remam  unchanged  ;  or  if  the  proportions 
had  been  200  toIs.  of  hydrogen  to  110  of  oxygen,  10  of  oxygen 
voold  have  been  left.  Now,  as  hydrogen  is  16  times  lighter 
tban  an  equal  bulk  of  oxygen^  it  follows  that  2  vols,  of  hydro- 
gen must  be  8  times  lighter  tlum  1  vol.  of  oxygen ;  and  thus  we 
inive  at  the  same  result  as  to  weights  as  we  obtain  by  burning 
kydrogen  and  weighing  the  water  produced. 

Anther,  and  a  vexr  beautiful  method,  of  ascertaining  the 
eoiq>oaition  of  water,  by  weight,  is  the  following : — 

Into  the  bulb  blown  in  the  mid^e  of  a  wide  tube  of  Bohemian 
S^aM.  the  weight  of  which  is  known,  there  is  introduced  a 
we^ed  portion  of  oxide  of  copper.  One  end  of  the  tube  is 
then  connected  with  an  apparatus,  from  which  a  steady  current 
of  diy  hydbnmn  is  disengaged  ;  and  to  the  other  end  is  attached 
a  tabe  amtaining  fragments  of  chloride  of  calcium,  a  substance 
poMMsing  a  strong  attraction  for  water ;  this  tube  with  its  con* 


teats  being  also  weighed.  As  soon  as  the  whole  of  the  atmo- 
•pheric  air  of  the  apparatus  has  been  entirely  displaced  by  the 
hydrogen  gas,  heat  is  applied,  by  means  of  a  spirit  lamp,  to  the 
<ttide  of  copper*    Aided  by  the  high  temperature  the  hydrogen 
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y^ry  soon  begins  to  decompose  the  oxide  of  copper,  combining 
with  its  oxygen  to  fonn  water ;  and  before  long  the  blade 
colour  of  the  oxide  is  changed  to  the  red  of  metallic  copper. 
The  water  which  is  formed  condenses  in  the  cold  part  of  the 
tube  beyond  the  bulb,  but  by  heating  that  part  of  the  tube  the 
whole  of  the  water  is  soon  carried  by  the  current  of  gas  into 
the  tube  with  chloride  of  calcium^  where  it  is  retained.  The 
apparatus  is  now  allowed  to  cool,  and  when  the  tubes  have 
ag^in  become  full  of  atmospheric  air,  they  are  weighed.  That 
with  the  copper  will  be  round  lighter  than  before,  the  other 
heavier.  The  loss  of  the  former  is  oxygen,  the  increase  of  the 
latter  is  the  water  which  that  oxygen  lias  3delded,  and,  of  course, 
the  difference  between  the  two  is  the  hydrogen  of  the  water. 

Let  us  suppose  the  first  tube,  when  empty,  to  have  weighed 
500  grs.  and  when  filled  with  the  oxide  of  copper  540  grs.,  the 
oxide  of  copper  must  weigh  40  grs.  The  tube  with  chloride  of 
calcium  weighs,  before  the  experiment,  say  300  grs.  Now,  we 
should  find,  after  the  experiment,  that  the  first  tube  now  con- 
taining metallic  copper,  would  weigh  532  grs.  and  the  othex 
tube  309  grs.  the  former  having  lost  8  grs.  (oxygen,)  while  the 
latter  has  gained  9  grs.  (water.)  Hence,  the  9  grs.  of  water 
contain  8  of  oxygen,  and,  of  course,  1  grain  of  hydroffen.  More- 
over, this  experiment  tells  us  that  40  grs.  of  oxide  of  copper 
are  composed  of  32  of  copper  and  8  of  oxygen  ;  thus  proving 
the  composition  of  water  by  synthesis,  and  that  of  oxide  of 
copper  hy  analysis. 

There  is  still  another  method  of  demonstrating  theoomposi* 
tion  of  water :  namely,  the  decomposition  of  that  fluid  by  gal^ 
vanic  electricity.  When  the  electric  current  of  a  powerful 
battery  is  made  to  pass  through  water  in 
an  apparatus  so  contrived,  that  the  gas 
^ven  off  at  each  pole  may  be  received 
mto  a  separate  graduated  tube,  it  is 
found  that  by  the  time  the  tube  at  the 
positive  pole  is  half  full,  the  tube  at  the 
negative  pole  is  ^uite  full ;  and  on  exami- 
nation, the  gas  in  the  latter  is  found  to 
be  pure  hydrogen,  while  that  in  the 
former  is  pure  oxjgen  ;  and  the  propor- 
tion, by  volume,  is  obviously  2  of  hydro- 
gen to  1  of  oxygen,  and  from  this,  by 
means  of  the  specific  gravities  of  tto 
gases,  we  obtain,  as  berore,  the  propor- 
tion, by  weight,  of  1  to  8. 
Water,  which  is  thus  proved  to  contain  1  eq.  of  hydrogen  to 
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1  eq.  of  cyx^rgen,  Tepresefnted  by  H  0,  is,  at  ordinaiy  temperft« 
turee,  a  liquid,  colourless,  tasteless,  and  inodorous.  It  assumes 
iJie  solid  form,  that  of  ice  or  mow,  at  32*"  F.,  and  all  lower  tem- 
peratures ;  and  it  tiikes  the  form  of  gas  or  yapour,  that  of  tteam^ 
at  212^  F.,  and  retains  that  form  at  all  higher  temperatures. 
When  ice  is  heated  above  32^,  it  melts  into  water ;  and  when 
steam  is  cooled  helow  212*,  it  condenses  into  water.  Thus 
water  possesses  the  liquid  form  only  at  temperatures  lying 
between  32*"  and  212*. 

Hence,  in  certain  arctic  r^cms,  water  is  always,  or  nearly 
always,  solid.  Even  in  that  state,  however,  and  at  aU  tempera- 
tures below  212*,  it  is  always  dowly  assuming  the  gaseous 
form.  It  is  in  this  way  that  wateiy  vapour  is  constantly 
rising  into  the  atmosphere  from  the  simace  of  the  sea,  of  lakes, 
of  livers,  and  of  the  soil ;  which  watery  vapour,  being  again 
condensed  into  the  liquid  form,  falls  back  on  the  earth  in  the 
sh^  of  rain  or  dew,  or  if  frozen,  as  snow,  hail,  and  hoar-jfrost. 

Water  is  perfectly  neutral ;  that  is,  it  exhibits  in  itself  neither 
acid  nor  basic  properties:  but  it  is  capable  of  combining  i^ith 
both  acids  and  bases,  and  indeed,  seems  to  be  almost  essential 
to  their  activity.  The  compounds  of  water  with  acids  and 
bases  are  called  hydi^itee ;  as  H  O,  S  O,,  hydrated  sulphuric 
acid,  and  K  0,  H  0,  hydrate  of  potash. 

Water  combines  also  with  neutral  salts,  and  that  in  two  con- 
ditions. In  one  it  is  easily  e^»elled  by  heat,  and  the  salt,  if 
crystallised,  generally  falls  to  powder  when  the  water  has 
been  expelled.  This  is  called  water  of  crystallisation,  and  its 
quantity  is  often  very  huqge.  In  the  other,  a  portion  of  water, 
generally  1  eq.,  is  combined  with  the  salt  by  so  powerful  an 
affinity  that  it  is  with  some  difficulty  separated  This  is  called 
saline  water,  because  it  may  be  replaced  by  an  e(^uivalent  of  a 
neutral  salt.  In  formuls,  water  of  crystallisation  is  irepre- 
sented  by  aq.  (for  aqua,)  and  saline  water  by  H  0.  Tnus, 
green  vitriol  is  represented  by  Fe  O,  S  O^  -f  H  O  +  6  aq. : 
that  is,  1  eq.  of  neutral  sulphate  of  protoxide  of  iron,  1  eq.  of 
saline  water,and  6  eq.of  water  of  crystallisation.  When  this  salt 
is  gently  heated,  the  6  eq.  of  water  of  crystallisation  are  expelled, 
but  the  1  eq.  of  saline  water  can  oidy  be  expelled  by  a  red- 
heat.  It  can  also  be  replaced  by  a  neutral  sulphate,  such  as 
sulphate  of  potash,  K  O,  S  O,,  and  the  resulting  double  salt  is 
FeO,  SO3  4-  KO,  SO,  +  6  aq.  Here,  as  in  the  green  vitriol, 
the  6  eq.  of  water  of  crystallisation  are  easily  expelled  by  a 
gentle  heat. 

In  relation  to  adds,  therefore,  vniter  acts  the  part  of  a  bate ; 
in  relationto  bases,  that  of  an  acid ;  and  in  xelivtion  to  neutral 
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Baits,  that  of  a  neutral  or  indifTeFent  Bubstanee,  or,  indeed,  of  a 
neutral  salt.  Taking  the  three  examples  of  hydrated  snlphuiic 
acid,  HO,  SO3,  hydrate  of  potash,  KO,  HO,  and  dry  sulphate 
of  iron,  Fe  0,  SO,  +  HO,  it  is  to  be  observed  that  the  water 
in  the  first  can  onrjr  be  replaced  by  a  base,  such  as  potash,  K  0, 
which  would  yield  sulpnate  of  potash,  K  0,  SO,;  the 
water  in  the  second  can  only  be  replaced  by  an  add,  such  as 
sulphuric  acid,  SO3,  which  would  yield  the  same  salt,  K  O, 
S  O  3  ;  and  the  water  in  the  third  may  be  replaced  by  a  neutnu 
salt,  such  as  sulphate  of  potash,  K  0,  S  O,,  which  would  give 
rise  to  the  double  salt,  FeO,SO,  +  KO,SO,.  Waterin 
these  three  different  characters  is  called  basic  water,  hydratic 
water,  and  saline  water,  and,  in  addition  to  these,  we  have 
water  of  crystallisation. 

Besides  these  numerous  forms  of  combination,  in  which 
water  most  frequently  loses  the  liouid  form,  it  enters,  as  a 
liquid,  into  a  peculiar  kind  of  combination  with  the  greater 
number  of  all  Known  substances :  it  dissolTes  them.  Of  all 
liquids,  water  is  the  most  powerful  and  general  solvent,  and  on 
this  important  property  its  use  depends.  By  the  solvent  power 
of  water,  substances,  inert  in  the  solid  form,  are  made  to  assume 
the  liquid  form,  and  thus  to  become  active— chemical  action  is 
promoted — substances  mixed  together  may  be  separated  from 
one  another ; — ^in  short,  without  water,  not  only  the  operations 
of  the  chemist,  but  the  processes  of  animal  and  vegetable  life, 
would  come  to  a  stand. 

The  solvent  power  of  water,  in  regard  to  solid  bodies,  is 
generally  increased  by  heat.  Hot  water,  therefore,  dissolves 
more  of  most  bodies  than  cold  water  does  ;  so  that  when  a  hot 
saturated  solution  cools,  it  deposits  a  quantity  of  the  dissolved 
4iolid,  commonly  in  crystals. 

Water  readily  dissolves  or  combines  with,  or  absorbs,  as  it 
is  termed,  many  gaseous  bodies.  The  gas,  in  this  case,  assumes 
the  liquid  form  ;  and,  as  heat  tends  to  cause  bodies  to  assume 
the  gaseous  form,  it  is  obvious  that  heat  must  diminish,  and 
cold  increase,  the  solvent  power  of  water  for  gases.  Increased 
pressure  also  enables  water  to  absorb  more  of  a  gas  than  it  will 
do  under  the  ordinary  pressure,  evidentiy  because  pressure 
favours  the  liquefaction  of  a  gas,  by  forcing  the  particles  nearer 
to  each  other. 

In  consequence  of  the  ^preat  solvent  power  of  water,  it  is 
never  found  pure  in  nature.  Even  in  rain  water,  which  is  the 
purest,  there  are  always  traces  of  carbonic  acid,  anunonia,  and 
sea  salt.  When  the  rain  water  has  filtered  through  rocks  and 
soils,  and  re-appears  as  spring  or  river  water,  it  is  always 
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Inore  <tf  len  diarged  with  salts  derived  from  the  earth,  sticfa  aa 
tea  salty  gypaoiiiy  and  chalk.  When  the  proportion  of  these 
is  smally  the  water  is  called  soft,  when  luger,  it  is  called  hard 
water.  The  former  dissolves  soap  better,  and  is  therefore  pre« 
fened  for  washing;  the  latter  is  often  pleasanter  to  drmk^ 
as  its  saline  contents  communicate  to  it  a  alight,  but  agreeable 
taste. 

When  water  becomes  so  highly  charged  with  foreign  matters 
as  to  have  an  unpleasant  taste,  or  to  acquire  medicinal  yirtnes^ 
it  is  called  mineral  water.  Of  mineral  waters  there  are  seyeraf 
kinds :  those  in  which  iron  predominates  are  called  chalybeate 
wateiB ;  where  snlphnr  prevails,  they  are  called  snlphnreons 
vaters :  acidnlous  waten  are  those  which  contain  much  free 
carbonic  acid  ;  and  saline  waters  are  such  as  contain  nentral 
alts,  generally  sea  8alt,and  snlphate  of  magnesia, or  Epsom  salt. 

The  only  way  to  obtain  perfectly  pure  water,  is  to  distil  it ; 
snd  in  the  laboratory,  no  water  except  distilled  water  should 
ever  be  used,  provided  distilled  water  can  be  procured  in  suffi- 
cient quantity. 

Water  ia  the  standard  of  specific  gravity  for  liquid  and  solid 
bodies,  and  its  specific  gravity  is  therefore  represented  by  1. 

b.  Dcntoxide  of  Hydrogen*    HOa=17013. 

Thia  compound  is  formed,  in  some  cases,  where  oxygen  ia 
presented  in  the  nascent  state  to  water.  The  best  process  ia 
that  of  Pelouze,  which  consists  in  adding  to  diluted  hydro- 
fluoric add  (fluosilicic  or  phosphoric  acids  may  equally  be 
used),  kept  veiy  cold,  exactly  so  much  of  the  peroxide  of 
barium,  that  neither  barium  nor  the  acid  can  be  detected  in 
the  liquid,  the  whole  of  both  bein||^  precipitated  as  fluoride  of 
barium:  BaO,-hHF=BaF+HO,.  The  deutoxide  of  hydro- 
sen  is  diasolved  by  the  surrounding  water,  and  the  filtered 
Squid  ia  concentrated  by  being  placed  under  the  exhausted 
leeeiyer,  along  with  a  vessel  containing  sulphuric  add^  the 
niiole  being  kept  cold.  The  process,  even  in  this  form,  is 
tedioua  and  difficult,  but  much  less  so  than  the  original  method 
of  Th^naid,  who  discovered  the  compound. 

The  deutoxide,  peroxide,  or  superoxide  of  hydrogen,  when  as 
free  from  water  as  possible,  is  a  syrupy  liquid,  colourless,  and 
possessed  of  a  slight  disagreeable  odour,  like  that  of  bleadiing 
uquor,  and  of  a  peculiar  nauseous,  bitter,  and  astringent  taste. 
Its  8p.  G.  is  1-453  rwater=l)«  It  does  not  become  aolid,  even 
in  a  very  intense  cold. 

This  compound  is  very  easily  decomposed,  yielding  water 
ud  oxygen*    The  contact  of  carbon,  of  many  metals,  and  even 
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of  metallic  oxides,  also  of  many  salts,  causes  the  separation  of 
oxygen,  often  with  explosion,  and  sometimes  with  a  flash  of 
light.  It  is  veiT  remarkable  that  peroxide  of  manmnese,  for 
example,  should  cause  this  rapid  decomposition,  witnout  com- 
bining with  any  part  of  the  disengaged  oxygen ;  and  still  more 
astonishing,  that  oxide  of  silver  should  decompose  it  with 
explosion,  while  the  oxide  of  silver,  so  far  from  combining  with 
more  oxygen,  loses  all  that  it  previously  contained,  and  is 
reduced  to  the  metallic  state.  We  cannot,  at  present,  explain 
these  phenomena.  The  application  of  heat  to  the  deutoxide 
of  hydrogen,  causes  oxygen  to  escape  with  effervescence.  It 
is  less  easily  decomposed  when  diluted,  and  especially  if 
acidulated ;  the  presence  of  a  base,  on  the  contrary,  hastens 
its  decomposition. 

It  is  very  probable  that  this  remarkable  compound  will  he 

found  tor '"'-' '' "' — ' ^  — " 

it  is  much 


>ossess  valuable  properties  as  a  medicinal  agent,  and 
L  to  be  desired  that  its  preparation  could  be  rendered 

3.  Nitrogen.     N=U'I9. 

SvN.  Azote, — Discovered  by  Rutherfoxd,  in  1772.  Occurs 
principally  in  the  atmosphere,  of  which  it  forms  79  or  80  parts 
in  100  by  Volume,  and  about  77  by  weight ;  also,  in  mmute 
quantity,  in  the  atmosphere  as  ammonia.  It  is  an  essential 
ingredient  of  all  animal  tissues,  and  of  all  such  vegetable  pro- 
ducts as  can  be  converted  into  blood  in  tiie  animal  body  ;  also 
of  the  vegetable  bases,  and  other  vegetable  compounds,  such  as 
indigo,  &c.  &c. 

It  is  best  obtained  by  the  action  of  burning  phosphorus  on  a 
confined  portion  of  air,  over  water. 
The  phosphorus  takes  the  ox^ffen, 
forming  phosphoric  acid,  which  is 
soon  removed  by  the  water,  and 
nitrogen  gas  is  left. 

Nitrogen  is  a  colourless  and 
transparent  gas,  devoid  of  taste 
and  smell,  and  chiefly  distin* 
guished  by  the  absence  of  active 
properties.  It  does  not  support  combustion,  neither  does  it 
bum  itself.  It  is  incapable  of  supporting  animal  life,  and  con- 
sequently an  animal,  immersed  in  pure  nitrogen,  soon  dies ; 
but  only  because  oxygen  is  absent,  for  nitrogen  itself  is  so  far 
from  being  poisonous,  that  the  air  we  breathe  contains  ^ths  of 
its  bulk  of  that  gas  in  an  uncombined  state.  It  serves  to 
dilute  the   oxygen,  and  for  that  purjiose  it  is  admirably 
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idaptedy  from,  the  absence  of  marked  characters  or  strong 
sffiniiiee.  Its  specific  gravity  is  rather  less  than  that  of  air, 
being  0-976. 

Nitrogen  cannot  be  made  to  nnite  directly  with  any  element, 
and  only  forms  combinations  when  one  or  both  elements  are 
in  the  nascent  state.  It  is,  therefore,  nnlike  the  other  metalloids^ 
in  a  high  degree  chemically  indifferent  or  neutral.  But,  under 
fiTOoiable  circumstances,  it  does  combine  with  most  of  the 
netalloidsy  and  with  several  metals.  Its  most  important  com^ 
poonds  are  those  with  oxygen  and  with  hydrogen.  Almost  all 
oomponnds  of  nitrogen  are  easily  decomposed,  and  many  of 
them  are  even  dangerous,  from  their  tendency  to  explode  m>m 
very  slight  causes. 

It  is  this  veiy  character  of  easy  decomposability  that  gives  te 
the  eompounds  of  nitrogen  their  very  high  importance  in  the 
oiganised  kingdoms  of  nature.  We  shaJl  hereafter  see  how 
imnortant  a  part  these  compounds  perform  in  the  formation,  as 
irdlas  in  the  destruction,  of  oigamc  bodies. 

NTTROOEN   AND   OXTOEN. 
a.  Atmosplieric  Air. 

The  air  of  our  atmosphere  is  formed  of  nitrogen  and  oxyeen, 
not  in  a  state  of  combination,  but  simply  mixed  together. 
Dalton  has  shown  that,  when  any  two  gases,  however  dmerent 
in  densitY,  are  placed  in  communication,  they  are  very  soon 
found  to  be  completely  and  equally  mixed,  even  although  they 
have  no  tendency  to  combine  chemically.  This  is  the  case 
with  the  gases  in  air.  The  properties  of  each  are  present, 
only  modified  slightly  by  the  presence  of  the  other ;  whereas 
cfacnnical  combination  gives  rise  to  new  compounds,  possessing 
entirely  new  projperties.  This  is  eminently  the  case  in  the 
oomponnds  which  are  really  formed  between  nitrogen  and 
oxygen,  so  that  we  are  forced  to  look  upon  the  air  as  a  mixture 
merely. 

It  is  remarkable,  however,  that  the  proportions  of  the  gas^ 
are  soch  as  correspond  almost  exactly,^  weight  and  by  volume, 
to  8  eq.  nitrogen  and  1  eq.  oxygen.  Of  100  vol.  of  air,  79  or 
80  are  nitrogen,  and  20  or  21  oxysen.  Here  we  have  the  ratio 
of  4  vol.  to  1.  100  parts  of  air,  by  weight,  contain  nearly  77 
of  nitrogen  and  23  of  oxygen ;  that  is,  almost  exactly  28  of 
nitipgen  to  8  of  oxygen, or  N,0. 

The  physical  properties  of  air  are  well  known.  It  is,  like 
aD  gaaas,  elastic,  and  it  possesses  such  a  density,  that  100  cubie 
intSn  wdgh  about  31  grs.    Hence,  the  whole  atmosphere 
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presses  on  the  sorfiBce  of  the  earth  with  &  reiv  great  forces 
equal  to  abont  14  lbs.  on  each  square  inch  of  surmce.  In  other 
words,  a  column  of  air,  1  square  inch  in  base,  and  equal  in 
height  to  the  atmosphere,  weighs  14  lbs«  But  the  further  con- 
sideration of  this  suDJect  belongs  to  physics*  Air  is  made  the 
standard  of  specific  gravity  for  gases  and  vapours,  and  its  Sp.  Q. 
is  made  1*000. 

The  chemical  properties  of  air  are  chiefly  those  of  the 
oxygen  it  contains,  modified  by  the  presence  of  4  times  its 
bulk  of  the  negative  body,  nitrogen.  Air  supports  combustion, 
and  the  respiration  of  animals,  as  long  as  tne  proportion  of 
oxygen  does  not  fsdl  below  a  certain  amount. 

"Besides  nitrogen  and  oxygen,  the  air  always  contains  more 
or  less  watery  vapour,  which  is  almost  equally  important  to 
animal  and  vegetable  Ufe,  since  neither  animals  nor  plants  can 
live  lonff  in  a  perfectly  dry  air. 

Air  also  contains,  as  ingredients  essential  to  the  life  of  plants, 
and  thus  indirectly  also  to  that  of  animals,  minute  proportions 
of  carbonic  acid  and  of  ammonia.  The  amount  of  the  former 
seldom,  in  the  open  air,  exceeds  xoW  P^  of  the  weight  of 
the  air ;  while  the  proportion  of  annnonia  is  much  smaller  even 
than  this. 

When  it  is  required  to  ascertain  the  exact  proportion  of 
oxygen  in  any  specimen  of  air,  the  object  may  he  attained  in 
a  variety  of  ways.  The  operation  is  called  eudiometiy,  and 
the  instruments  employed  eudiometers.  The  most  commonly 
employed  is  that  of  volta,  modified  by  Ure,  which  is  simply 
a  graduated  glass  tube,  closed  at  one  end,  bent  as  in  the  figure^ 
and  furnished  with  two  platinum  wires,  to 
allow  the  electric  spark  to  pass.  The  air 
being  introduced  and  measured,  half  its 
bulk  of  pure  hydrogen  gas,  orthereabonts, 
is  added,  and  the  whole  measured  again. 
The  gas  beinff  confined  by  water  or  mer- 
cuiy,  and  the  open  end  of  the  tube 
stopped  by  the  finger  or  thumb,  the  spark 
is  passed  through  the  mixture,  when  an 
I  explosion  takes  place,  and  a  certain  por-- 
tion  of  the  mixture  disappears,  the  water 
or  mercury  rising  in  the  tube  to  supply  its 
place.  The  residue  is  now  measured,  and 
■i-  of  the  volume  whicn  has  disappeared  is  oxygen.  It  is  obvi- 
ous that,  if  there  be  enough  of  hydrogen,  the  whole  of  the 
oxygen  will  assume  the  form  of  water,  and  both  the  oinrgen 
and  hydrogen  of  that  water  must  lose  the  gaseous  form. 
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Now»  88  water  is  formed  of  2  toI.  hydrogen  to  1  yol.  osygen, 
-I-  of  the  Toluine  of  the  gases  which  ha^e  combined  mnst  be 
oxygen. 

I^  for  example,  100  meafinies  of  air  are  mixed  with  50  of 
hydrogen,  the  bidk  of  the  whole  will  be  150.  If.  now,  after 
explosion,  87  parts  remain,  it  is  plain  that  63  have  disappeared, 
and  of  these  63  measures  21,  or  4-,  are  oxygen,  originaUy  con- 
tained in  the  100  of  air,  while  42,  or  4,  are  hydrogen. 

Gay-Lussac  haa  lately  proposed  to  remove  the  oxygen  from 
a  measured  portion  of  air  by  means  of  copper  moistened  by 
ffolphnric  or  hydrochlorie  acid,  which  soon  absorbs  that  gaa 
completely,  llie  diminution  of  volume  here  is  exactly  equal 
to  the  proportion  of  oi^gen  present. 

Thero  are  many  other  euoiometrical  methods,  but  the  above 
Are  the  best. 

The  amoimt  of  water  in  the  atmosphere  is  ascertained  by 
hygrometers,  of  which  there  are  varions  kinds.  That  of  DanieU 
ia  the  best.  It  is  founded  on  the  fact,  that  the  temperature  at 
which  the  water  contained  in  the  air  is  deposited  as  moisture, 
yaiies  with  the  amount  of  moisture  present.  The  drier  the 
air,  the  more  must'  it  be  cooled  before  it  b^iins  to  deposit 
moisture.  If  the  air  be  saturated  with  moisture,  the  cooling 
of  it  one  degtee  will  cause  a  deposition  of  dew,  and  the  tem- 
perature at  which  dew  is  deposited  is  called  the  dew-point.  The 
details  of  this  and  other  h)rgrometer8  belong  to  physics. 

The  presence  of  water  in  the  atmosphere  may  be  shown  at 
any  time  by  exposing  a  deliquescent  substance,  such  as  chloride 
of  calcium,  to  tne  air,  when  it  quickly  becomes  moist  and  finally 
liquefies  by  attracting  moisture.  Air,  or  any  other  gas,  may  thus 
be  dried,  either  in  a  tube  over  mercury,  into  which  the  diving 
substance  is  introduced,  or  by  passing  the  gas  through  a  lonff 
tube  filled  with  the  substance  in  coarse  powder,  or  through 
strong  sulphuric  acid,  which  has  a  powerful  affinity  for  water. 

The  use9  of  atmospheric  air  are  obvious.  Besides  supporting 
animal  and  vegetable  life,  it  is  essential  to  all  our  modes  of 
•obtaining  heat  and  light  by  combustion. 

It  is  very  important  to  remark,  that  although  the  processes 
of  respiration  and  combustion,  as  well  as  that  of  the  decay  and 
putreniction  of  animal  and  vegetable  matter,  are  constantly  re- 
moving ox^^  from  the  air,  yet  the  proportion  of  that  element 
never  diminishes,  being  kept  up  by  the  process  of  vegetable  life. 
In  like  manner,  reroiration  and  combustion  are  continually 
sending  carbonic  acid  into  the  atmosphere  in  place  of  the  axymn 
they  consume,  and  yet  the  air  does  not  b^me  more  highly 
duu^d  with  carbonic  add ;  for  the  same  process  of  vegetable 
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life  which  restores  oxygen  to  the  air,  removes  an  equal  bulk  of 
carbonic  acid, — ^from  which,  indeed,  the  oxjgen  thus  restored 
is  derived. 

b.  Protoxide  of  Nitrogen.     N  0  =  22-203. 

8tn.  Nitroua  Oxide;  IfOoseioaHng or  Laxtphing  Oas, — Pre- 
i>ared  by  applying  a  moderate  heat  to  pure  nitrate  of  anunonia 
m  a  retort.  The  salt  melts,  boils,  and  is  soon  entirely  volati- 
lised in  the  fonn  of  water,  which  trickles  down  the  neck  of  the 
letort,  and  protoxide  of  nitrogen,  which  being  gaseous  may  be 
collected  over  water.  The  following  equation  represents  th« 
change: 

(NH,  +NOfl)  =  8HO  +  2N0. 

Showing  that  1  eq.  of  ammonia  and  1  eq.  of  nitric  acid  yield 
3  eq.  water,  and  2  eq.  protoxide  of  nitrocen. 

This  compound  is  a  gas,  colourless  and  transparent.  It  has 
A  fidnt  smell  and  a  sweetish  taste.  It  is  slowly  absorbed  by 
water^  and  therefore  cannot  be  long  kept  over  that  liquid.  Its 
fipecinc  gravity  is  1*627.  It  may  be  liquefied  by  a  pressure  of 
60  atmoroheres. 

By  weight  it  contains  8  parts  of  oxygen  to  14  of  nitrogen, 
and  by  volume,  2  vol.  of  nitrogen  and  1  vol.  of  oxygni,  con- 
densed into  the  bulk  of  2  vol.  Hence  this  gas  contains  its  own 
bulk  of  nitrogen,  and  half  its  bulk  of  oxygen,  while  air  only 
contains  ^  of  its  bulk  of  that  gas.  Consequently,  as  some  com- 
bustible bodies,  such  as  phosphorus,  or  a  candle,  if  burning,  are 
capable  of  decomposing  this  gas  and  seiring  its  oxygen,  they 
bum  in  it  with  great  brilliancy.  Probably  for  a  similar  reason 
it  is  capable  of  supporting  life  for  a  short  time,  if  respired,  and 
its  action  on  the  human  system  is  most  remarkable.  In  most 
persons  it  causes  very  agreeable  sensations,  a  sense  of  lightness, 
a  rapid  and  brilliant  flow  of  ideas,  accompanied  with  an  irresis- 
tible tendency  to  laughter  and  to  very  violent  muscular  exertion. 
These  effects  only  last  for  a  minute  or  two  after  the  gas  has  been 
breathed  as  long  as  possible :  but  they  are  not  followed,  like 
those  of  other  excitants,  by  any  sense  of  depression  or  languor : 
on  the  contrary,  a  certain  feehng  of  exhilaration  and  unusual 
lightness  of  spirits  is  often  felt  for  a  whole  day  after.  In  some 
eases  the  effects  are  unpleasant,  such  as  headache,  a  rush  of 
blood  to  the  head,  and  a  tendency  to  stupor.  The  experiment 
must  be  therefore  made  with  caution,  and  the  gas  withdrawn, 
shoidd  the  face  of  the  ex|»erimenter  appear  flushed  to  any  con- 
siderable extent.  As  he  is  often,  however,  imwiUing  to  relin- 
quish the  bag  of  gas,  an  aperture  should  be  made  in  the  side  of 
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tlie  bieathing'pipe,  and  stopped  with  a  cork,  which  may  be 
remoTed  if  necessary,  thus  admitting  air  to  the  month,  and 
patting  an  end  to  all  danger.  These  very  singular  properties 
of  this  gas  were  first  discovered  by  Davy  ;  and  in  a  physiolo- 
cieai  point  of  view,  thev  merit  farther  mvesti^ation  than  they 
Bare  yet  received.  The  gas  has  been  tried  m  medicine,  bat 
hi^rto  without  mnch  benefit :  although  in  America  it  is  said 
to  have  been  fonnd  useful  in  cases  of  melancholia. 

Protoxide  of  nitrogen  is  neutral  or  incUfferent,  and  has  hardly 
any  tendency  to  combine  with  other  bodies.  Aocording  to 
Pdouze,  however,  it  combines  with  the  salts  of  sulphurous  acid, 
or  sulphites. 

c.  Deutozide  of  Nitrogen.     NOs  =  80*216. 

Stn.  NUric  Oxide:  NUrcus  Gets, — ^Best  obtained  by  the 
action  of  copper  clippings  on  moderately  strong  nitric  acid,m  the 
apparatus,  p.  49.  The  metal  is  dissolved  with  efiervescenoe, 
and  the  gas  may  be  collected  and  preserved  over  water. 

A  gas,  transparent  and  colourless.  Its  taste  and  smell  are 
not  Imown,  because  aa  soon  as  it  comes  in  contact  with  air,  it 
fonns,  with  the  oxygen,  red  vapours  of  nitrous  acid,  which  have 
a  soffocatinff  smell  and  a  rough,  acid,  corrosive  taste.  It  sup- 
penis,  like  the  preceding  gas,  the  combustion  of  burning  phoft- 
phoms,  and  for  the  same  reason,  namely,  that  it  contams  hall 
its  bulk  of  oi^gen,  being  formed  of  equal  volumes  of  nitrogen 
and  oxygen,  nnited  without  condensation.  Its  specific  gravity 
is  consequently  the  mean  between  those  of  oxygen  and  nitrogen, 
or  1*0416.  A  burning  candle  is  extinguished  m  this  eas,  and  it 
not  only  does  not  support  life,  but  cannot  be  breaUied,  as  it 
forms  nitrous  acid  gas  in  the  mouth,  and  the  glottis  instinctively 
cloees  against  the  mtter. 

Its  most  distinctive  character  is  that  of  forming,  when  mixed 
with  air  or  oxygen,  a  red  gas  or  vapour,  which  is  nitrous  acid, 
and  which  instantly  disappears  if  in  contact  with  water,  being 
absorbed  by  that  liquid.  As  the  formula  of  the  deutoxide  is 
KO^,  and  that  of  nitrous  acid,  NO 4, it  is  plain  that  the  latter 
may  M  formed  from  the  former  by  the  mere  addition  of  oxygen. 
As  the  red  vapours  are  very  remarkable,  the  deutoxide  may 
be  used  as  a  test  of  the  presence  of  free  oxygen  in  a  gaseous 
mixture. 

If  a  few  drops  of  bisulphuret  of  carbon  be  added  to  a  jar  of 
tins  gas,  and  a  light  applied  to  the  mixture,  it  bums  rapidly 
with  a  bright  blue  flash  of  light 

The  deutozide  of  nitrogen  is  abundantly  absorbed  by  any 
aolutioii  containing  a  salt  of  protoxide  of  iron,  such  as  green 
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vitriol,  forming  a  brown  solution,  from  which  the  gas  may  be 
expelled  unchanged  by  boiling.  This  solution  absorbs  oxygen, 
ana  has  been  used  in  eudiometry,  but  it  does  not  give  accurate 
results, 

d.  Hyponitroofl  Acid.     N0,  =  88-229. 

Stn.  AddeNUreux;  Salpeirige  Saure, — It  is  formed  when 
a  strong  base,  such  as  potash,  is  brought  into  contact  with  the 
preceding  gas,  protoxide  of  nitrogen  being  given  off,  while  the 
acid  unites  witii  the  base.    Thus, 

KO  +  2N0a  =  K0,N0,  +  NO. 

It  is  best  obtained,  however,  by  heating  1  part  of  starch  in  8 
parts  of  nitric  acid,  Sp.  G.  1*25,  and  conducting  the  disengaged 
gases,  first  through  a  long  tube  filled  with  chloride  of  calcium, 
to  remove  water,  and  then  through  a  dry  tube  cooled  down  to 
—4°  F.  in  which  latter  the  acid  condenses,  as  a  veiy  volatile 
liquid  which,  while  cold,  is  colourless,  but  at  the  ordinary  tern- 
perature  becomes  green.    Its  properties  are  little  known. 

In  contact  with  water  it  is  destroyed^  giving  rise  to  nitric 
acid  and  deutoxide  of  nitrogen,  thus : 

3N0,  =  N0a  +  2N0a. 

The  salts  of  this*  acid  are  obtained  by  heating  a  nitrate, — for 
example,  nitrate  of  potash  or  soda, — till  it  begins  to  precipitate 
nitrate  of  silver  brown.  The  whole  is  then  precipitated  by 
nitrate  of  silver,  the  precipitate  dissolved  in  boiling  water,  and 
the  hyponitrite  of  silver  crystallises  on  cooling.  From  this  salt, 
by  the  action  of  soluble  chlorides,  the  other  hyponitrites  may 
be  obtained.    They  have  been  little  studied. 

c.  NitrouB  Acid.    NO^zr  46-242. 

Stn.  Acide  Hyponiirique.  UnterscUpetergailre, — This  is  the 
acid  which  appears  as  red  vapours  when  deutoxide  of  nitrogen 
mixes  with  air,  or  with  oxygen.  1  vol.  deutoxide  of  nitrogen, 
and  I  vol.  of  oxygen,  if  mixed  quite  diy,  and  cooled,  form  the 
liauid  nitrous  acid ;  but  it  is  most  easily  obtained  by  dis- 
tilling dry  nitrate  of  lead.    Equation, 

(Pb  O,  NOa)=:Pb  0  +  0  +  NO^. 

In  this  experiment  oxide  of  lead  is  left,  and  oxygen  gas 
and  nitrous  acid  pass  over,  the  latter  condensing  in  the  well- 
cooled  receiver.  If  intensely  cold,  it  is  colourless ;  but  as  it 
becomes  warmer,  it  assumes  a  yellow  or  orange  colour.     Its 
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Sp.  G.  in  the  liquid  form  is  1-42  It  boils  at  about  82^,  and 
is  converted  into  a  deep  red  vapour,  or  gas,  which,  if  further 
heated,  becomes  nearly  black,  or  impervious  to  light.  If  once 
mixed  with  air  or  any  other  gas,  it  can  only  with  very  great 
difficulty  be  condensed,  so  that  it  is  commonly  seen  in  the  form 
of  vapour.  It  has  an  unpleasant  suffocating  smell,  and  cannot 
be  breathed  with  impunity  even  for  a  moment  It  supports 
the  combustion  of  almost  all  combustible  bodies,  by  virtue  of 
its  large  proportion  of  oxygen. 

In  contact  with  water,  it  is  destroyed,  giving  rise,  like  the 
preceding  acid,  to  nitric  acid,  and  deutoxide  of  nitrogen. 
Thus,  3  N0,=2  NO  -hNO,.  As  it  undeigoes  the  same 
change  in  contact  with  all  bases  hitherto  tri^,  its  salts  are 
unknown.  Along  with  pure  nitric  acid,  it  forms  Uie  orange- 
fuming  nitric  acid  of  the  shops,  often  called  nitrous  acid. 

f:  Nitric  Add.    N0^=  54*255. 

Formula  of  the  hydnted  add,  HO,  N0«,  or  H,  N0«  =  63-268. 

This,  the  most  important  of  all  the  compounds  of  nitrogen 
and  oxygen,  occurs  very  frequently  in  nature,  chiefly  combined 
with  potadi  or  soda,  forming  nitre  and  cubic  nitre ;  also  in 
minute  proportion  in  rain-water  after  thunder-storms.  It  is 
formed  m  natural  or  artificial  nitre  beds,  where  animal  or 
vegetable  matter  containing  nitrogen  is  exposed  to  the  air 
along  with  bases.  The  nitrogen  being  disen^ed  as  ammonia, 
NH,  is  oxidised  along  with  the  hydrogen,  yielding  nitric  acid 
and  water;  thus,  NH,-f  0,=KO^-f 3  HO.  The  acid  is 
seized  by  the  base  present,  and  nitre  is  formed.  The  nitric 
acid  occasionally  found  in  rain-water  is  also  produced  by  the 
oxidation  of  ammonia ;  its  quantity  is  too  small  to  arise  from 
the  oxidation  of  the  nitrogen  of  the  air.  The  dry  acid,  NO, 
is  unknown  in  the  separate  form ;  if  we  attempt  to  separate  it 
from  water  or  a  base,  it  is  resolved  into  nitrous  acid  and 
oxwen;  thus,  NO,=NO^-f-0. 

fte  hydrated  acid,  HO,  NO,,  or  H,  NO,,  is  the  substance 
commonly  called  nitric  acid.  It  is  best  prepared  by  the  distil- 
lation of  a  mixture  of  equal  weights  of  hydrated  sulphuric 
acid,  or  oil  of  vitriol,  and  of  nitre  or  saltpetre,  the  nitrate  of 
potash.  The  salt  in  coarse  powder  being  introduced  into  a 
plain  retort,  the  acid  is  poured  in  by  means  of  a  retort  fun- 
nel. The  retort  is  then  placed  in  a  sand-bath  over  the  lamp, 
and  cautiously  heated,  till  the  acid  begins  to  drop  into  the 
receiver,  which  is  to  be  surrounded  with  cold  water.  As  the 
nitre  generally  contains  a  little  sea-salt,  the  first  portions  of 
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acid  which  distil  are  impure,  containing  chlorine,  and  nitrons 
acid  ;  but  they  serve  to  wash  quite  clean  the  neck  of  the  retort, 
on  which  some  sulphu- 
ric acid  is  commonly  to  be 
found,  in  spite  of  all  our 
care,  as  well  as  traces  of 
the  powdered  nitre.  It 
is  best,  therefore,  to  col- 
lect the  first  portion,  say 
tV  of  the  whole,  in  a 
separate  receiver,  and 
when  the  liquid  that 
drops  is  found  to  be  free 
from  chlorine  (by  the  test 
of  nitrate  of  silver),  the 
receiver  is  changed,  and  the  rest  of  the  nitric  acid  is  thus 
obtained  quite  pure,  or  at  most,  slightly  tinged  by  nitrous 
acid.  By  this  simple  device,  we  avoid  the  necessity  of  re- 
distilling the  acid,  as  commonly  directed.  The  impure  por- 
tion which  first  passes  over,  is  extremelv  well  adapted  for  all 
experiments  of  illustration,  and  ought  to  be  carefully  preserved 
for  such  purposes. 

The  following  equation  explains  the  change  in  this  pro- 
cess  i—~ 

(KO,  NO3)  +  2  (HO,  SO,)=(KO,  HO,  2  SO.)  +  HO,  NO^. 

For  1  eq.  of  nitre,  we  take  2  eq.  of  oil  of  vitriol,  and  we 
obtain  1  eq.  of  hydrated  bisulphate  of  potash,  and  1  eq.  of 
hjdrated  nitric  acid.  We  take  equal  weights  of  the  mate- 
rials, because  1  eq.  of  nitre  weighs  102,  while  2  eq.  of  oil  of 
vitriol  weigh  98;  and  a  slight  excess  of  the  latter  is  advanta- 
geous rather  than  otherwise.  By  using  1  eq.  of  oil  of  vitriol,  we 
may  also  obtain  nitric  acid  ;  but  a  much  higher  temperature 
is  required,  and  a  laige  part  of  the  acid  is  decomposed  into 
oxygen,  which  escapes,  and  nitrous  acid,  which  combines 
with  the  nitric  acid,  giving  it  a  deep  red  colour,  and  causine 
it  to  give  out  red  fumes.  Moreover,  in  the  latter  case,  neutnd 
sulphate  of  potash  is  left,  which  can  hardly  be  got  out  of  the 
retort  without  breaking  it ;  while  the  bisulphate  of  potash, 
formed  in  the  operation  first  described,  may  be  easily  dissolved 
out  by  hot  water. 

Hydrated  nitric  acid,  when  pure,  is  a  colourless  liquid, 
giving  out  dense  gray  fumes,  on  exposure  to  the  air.  Its 
Sp.  G.  is  1*52  to  1*53.  It  freezes  at  40<>,  and  boils  at  lOS^. 
If  diluted  somewhat  with  water,  so  as  to  have  the  Sp.  G.  1*42, 
it  boils  at  248'' ;  but  if  still  weaker,  it  boils  more  easily,  and 
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becomes  stronger,  till  the  boiling  point  reaches  248%  when  it 
distils  oyer  unchanged.  Nitric  add  has  a  pungent,  rather 
disagreeable  smell,  is  very  acid  and  corrosivey  and  stains  the 
skin,  and  oiganic  matter  in  general,  yellow. 

It  has  a  strong  attraction  for  water,  and  becomes  hot  when 
mixed  with  it.  (Add  of  middling  stien^,  mixed  with  snow^ 
causes  it  to  li<]uefy  instantly,  producing  mtense  cold.) 

Nitric  add  is  very  easily  decomposed.  If  passed  through  a 
red-hot  porcelain  tube,  it  is  resolyed  into  oxygen  and  nitrogeiu 
All  combustible  or  oxidisable  bodies  deprive  it  of  oxygen, 
reducing  it  to  nitrous  add,  hyponitrous  acid,  or  deutoxide  ox 
nitrogen ;  and  even,  in  some  cases,  removing  aU  the  oxygen, 
and  leaving  only  nitrogen  gas.  The  action  is  generally  attended 
wiUi  heat ;  and  in  some  cases,  such  as  phosphorus  and  essen- 
tial oils,  combustion  takes  place,  and  even  danserous  conse- 
quences may  ensue  from  the  add,  or  the  burning  body ;  which 
is  scattered  about  by  the  violent  commotion.  Nitnc  add  is, 
therefore,  a  very  powerful  oxidising  agent,  and  is  much  used 
for  oxidising  and  dissolving  metals,  such  as  silver,  copper, 
mercury,  &c.  It  is  remarkable  that  the  very  strongest  add 
does  not  attack  metals ;  but,  on  ihe  addition  of  a  few  drops  of 
water,  a  most  violent  action  ensues. 

The  presence  of  nitric  add  in  a  liquid  is  best  ascertained  by 
addii^  pure  oil  of  vitriol,  and  then  a  drop  or  two  of  solution 
of  green  vitriol  If  nitric  add  be  present,  a  red  or  brown 
colour  will  appnear  where  the  two  liquids  meet ;  and  by  this 
test  TrhvTf  of  nitric  add  may  be  detected. 

Pure  nitric  acid  ought  to  be  entirely  volatile ;  and  when 
diluted  with  distilled  water,  to  give  no  predpitate  with  the 
salts  of  baryta,  or  of  silver. 

Nitric  add  is  used  in  medicine,  and  in  the  arts ;  in  the 
latter,  as  aquafortis.  To  the  chemist,  it  is  one  of  the  most 
valuaole  acents,  and  is  daily  employed  as  a  means  of  oxidising 
metals  and  organic  substances.  The  tendency  of  this  add  to 
3rield  oxygen  to  combustible  bodies  is  found  also  in  its  salts, 
especially  at  a  red-heat ;  and  hence,  nitrate  of  potash,  or  salt- 
petre, is  an  essential  ingredient  of  gunpowder,  and  of  the 
various  mixtures  used  for  rockets  and  fireworks ;  in  all  of 
which  it  is  mixed  with  charcoal  and  sulphur. 

With  bases,  nitric  add  forms  salts  called  nitrates.  Most  of 
these  are.  neutral,  with  the  general  formula  MO,  NO, ;  but 
there  are  a  few  bairic  nitrates,  in  which  one  or  more  atoms  of 
the  base  are  added  to  the  neutral  salts.  AU  the  nitrates  are 
decomposed  by  sulphuric  add,  and  they  may  be  recognised  by 
deflagrating  with  red-hot  charcoal,  and  by  tne  test  alnyve  given 
r2 


68  AMMONIA. 

for  nitric  acid,   which  distingnishes  them  from  other  defla* 
grating  salts,  snch  as  chlorates,  &c. 

NmtOGSN  AND  HTDROOEK. 

a.  Amide.    NHa=1619. 

Stn.  Amidcam,^-T\iiB  compound  is  unknown  in  a  separate 
state,  hut  is  helieved,  with  good  reason,  to  exist  in  many  com* 
pounds.  If  potassium,  for  example,  he  heated  in  dry  ammo- 
niacal  gas,  NH,,  ^  of  the  hydrogen  is  expelled,  and  an  olive-co- 
loured solid  remains,  the  composition  of  which  is  K,  NH,* 
It  is  viewed  as  a  compound  of  potassium  with  amide,  the 
amidide  or  amiduret  of  potassium.  When  put  into  water^ 
potaeh  and  ammonia  are  formed,  thus,  K,  NH,  +  H0  =  KO 
-|-NH  •  Compounds  of  amide  with  sodium,  with  carhonic 
oxide  (oxamide),  with  henzoyle  (benzamide),  and  other  sub- 
stances, are  known.  Their  general  character  is,  in  contact 
with  water,  and  under  the  influence  of  acids  and  bases,  to  be 
resolved  into  ammonia  and  an  oxidised  product,  commonly  an 
acid.  Thus  oxamide,  C,  0„  NH,,  along  with  water,  HO,  ia 
the  presence  of  an  acid  or  an  alkali,  yields  ammonia,  NH^^ 
and  oxalic  acid,  C,  0^.  It  is  this  very  powerful  affinity  for 
hydrogen  which  has  hitherto  defeated  idl  our  efforts  to  isolate 
amide.  The  various  compounds  of  amide  will  be  described  in 
their  proper  order. 

b.  Ammonia.    NH,  =  17*19. 

Syn.  Volatile  cdkali — Occurs  in  combination  with  hydro- 
chloric acid,  as  sal  ammoniac  ;  in  the  urine  of  animals^ 
especially  of  birds  and  reptiles,  as  urate  of  ammonia ;  in 
several  sduminous  and  ferruginous  rocks  and  earths  in  small 
quantity;  finally,  in  the  air,  as  a  constant  result  of  the 
putrefaction,  decay,  or  combustion  of  organic  matters  contain- 
ing nitrogen. 

It  is  formed  abundantly  in  putrid  urine  (from  uiea),  and  in 
the  destructive  distillation  of  organic  nitrogenised  matter,  as, 
in  Eg]^t,  by  heating  camel's  dung  ;  in  Europe,  formerly,  by 
distiUine  horn,  hence  the  name  spirit  of  hartshorn,  at  present 
by  distilling  anjr  animal  refuse  ;  or  in  the  distillation  of  coal 
in  gasworks,  which  yield  abundance  of  ammonia.  In  all  these 
cases  it  is  found  as  carbonate. 

To  obtain  ammonia,  powdered  sal-ammoniac  is  mixed  with 
about  an  equal  weight  of  dry  hydrate  of  lime  (slacked  lime)^ 
and  the  mixture  heated  in  a  retort,  or  a  flask  fitted  with  a 


AMMONIA.  69 

bent  tabe.  The  ammoniacal  gas  is  abundantly  disengaged, 
and  may  be  collected  over  mercnry,  or,  as  it  is  mnch 
lighter  than  air,  by  displacement,  the  tube  being 
nwde  to  reach,  as  in  the  cnt,  to  the  closed  end  of  the 
gas-receiver,  the  open  end  being  downwards.  A  large 
tnbe  or  vessel  may  be  easily  filled  with  the  gas  in  this 
way,  and  preserved  by  immersing  the  open  end,  when 
filled,  in  a  small  cup  of  mercuiy.  The  following 
equation  represents  the  change  in  its  production. 
(NH„  HCl)  +  (CaO,  HO)  =  CaCl  -h  2  HO  -h 
NH,. 
Ammonia  is  a  gas,  transparent  and  colourless,  of  a 
veiy  pungent  and  peculiar  smell  and  taste.  It  is  liquefied  by 
a  pienore  of  about  five  atmospheres.  It  is  instantly  absorbed 
bf  water,  forming  the  solution  of  the  gas  called  aqua  or 
bquor  ammonis.  It  extinguishes  a  candle,  does  not  bum 
itself  under  ordinary  circumstances,  and,  if  respired  undiluted, 
is  fatal  to  animal  life.  lU  Sp.  G.  is  0.6902,  being  thus  little 
more  than  one  half  as  heavy  as  air.  It  possesses  strongly 
alkaline  or  basic  properties,  neutralising  the  strongest  acids. 
The  approach  of  any  gaseous  or  volatile  acid,  such  as  carbonic, 
hydiocnloric,  or  nitric  acids,  to  the  mouth  of  a  jar  of  ammonia, 
causes  the  formation  of  dense  white  clouds  of  carbonate,  hy- 
drochlorate,  or  nitrate  of  ammonia.  By  this  property  and  by 
its  smell,  it  is  easily  detected  and  recognised. 

Ammonia  is  formed  by  the  union  of  3  vol.  hydrogen  and 
1  voL  nitrogen,  which  jrieid  not  4  vol.  but  2  vol.  anmioniacal 
ps.     Here  condensation  to  one  half  has  taken  place. 

AQUA  AMMONIA  OR  LIQUOR  AMMONIJB. 

This  most  useful  re-agent  is  best  prepared  by  causing  the 
gas  disengaged  from  the  above  mixture  of  sal-ammoniac  and 
slaked  lime  by  heat,  a  little  water  having  been  previously 
added  to  moisten  the  powder,  to  pass  through  cola  water  in 
an  apparatus,  furnished  with  a  safety-tube,  to  prevent  undue 
abeorption,  the  gas  being  washed  by  means  of  a  veiy  little 
water  placed  in  an  intermediate  bottle.  The  water,  if  kept 
ool^  will  absorb  about  670  times  its  bulk  of  the  gas,  by  which 
it  is  increased  in  bulk,  acquires  a  Sp.  Q.  of  only  0*872,  and 
becomes  possessed  of  all  the  chemical  properties  of  the  gEis  in 
a  veiy  high  degree.  This  is  the  aqua  ammonin  fortissiina  of 
the  manufikcturers,  and  for  medical  use  it  requires  to  be  diluted 
tin  it  has  the  Sp.  G.  of  0*96.  At  0.872,  it  becomes  32.5 
per  cent,  of  diy  gas ;  at  0.96,  hardly  10  per  cent.    Hence,  by 
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adding  8  Vol.  of  water  to  3  voL  of  the  strongest  ammonia, 
we  r^uce  it  to  the  ordinary  medical  strength,  which  is  also 


BufRciently  strong  for  the  usual  chemical  purposes. 

This  solution  is  constantly  employed  by  the  chemist  for 
neutralising  acids,  and  precipitating  insoluble  bases.  It  has 
the  very  great  advantage  of  not  introducing  any  fixed  matter, 
so  that  me  re-agent  may  be  totally  expelled  by  a  red-heat. 
In  medicine  it  is  much  employed,  internally,  as  a  diffusible 
stimulant,  and  externally  as  a  powerful  rubefacient,  and  also 
along  with  oil  as  a  counter-irritant.  If  it  can  be  procured  in 
time,  it  is  the  best  antidote  to  prussic  acid. 

With  acids,  ammonia  forms  salts,  which  are  recognised  by 
their  yielding  the  pungent  smell  of  ammonia  when  mixed 
with  caustic  potash  or  slacked  lime.  They  are  either  volatile 
in  the  fire,  as  carbonate,  sulphate,  &c. ;  or  they  are  decom- 
posed, the  ammonia  being  driven  off  and  the  acid  remaining 
behind,  as  phosphate  of  ammonia.  For  the  constitution  ^ 
the  salts  of  ammonia,  see  below. 

c  Ammonium.     NH^zz  18*19. 

This  compound,  like  amide,  is  not  known  in  the  separate 
state  ;  but  we  have  reason  to  believe  that  it  exists,  and  has 
the  chemical  relations  of  a  metal :  hence  its  name. 

When  a  salt  of  anunonia  is  decomposed  by  galvanic  elec* 
tricity,  the  negative  pole  terminating  in  a  drop  of  mercury, 
the  mercury  swells  to  many  times  its  original  bulk,  becomes 


almost  aolid}  bnt  retains  its  metallic  aspect.  The  same  com- 
ponnd  is  fonned  when  an  amalgam  of  mercniy  with  potassium 
or  sodimn  is  placed  in  aqua  ammonis,  or  in  contact  with  a 
moistened  ammoniacsj  salt.  It  ii%  crystalline,  and  has  been 
regarded  as  an  amalgam  of  mercuir  and  ammonium.  When 
removed  from  the  pole,  and  placed  in  water,  it  gives  off  am- 
monia and  hydrogen,  and  the  mercuiy  resumes  its  oris[inal 
bulk.  The  remarkable  circumstance  is,  that  the  amalgam 
contains  so  small  a  weight  of  ammonium  ([or  of  anunonia  + 
hydrogen),  althoudi  its  properties  are  so  different  from  those 
01  the  mercury.  %ut,  if  we  suppose  an  amalgam  to  be  formed 
of  10  eq.  of  mercury  and  1  eq.  anmionium^  tMs  would  contain 
less  than  2  per  cent  of  the  latter.  There  is,  therefore,  nothing 
unreasonable  or  very  improbable,  in  the  idea  of  a  compound 
metal  anunonium,  NH^.  Indeed,  if  we  assume  its  existence, 
we  are  enabled  to  take  a  view  of  the  constitution  of  the  salts 
of  ammonia,  which  makes  them  analogous  to  those  of  the 
other  alkalies. 

It  was  formerly  the  universal  opinion  that  ammonia,  NH., 
combined  directly  with  oxygen  acids,  such  as  suh^uric  acid, 
80,,  as  well  as  with  hydrogen  adds,  such  as  nydrochloric 
acid,  HCl,  According  to  our  present  knowledge,  the  by- 
drocmlorate  of  ammonia  does  really  contain  the  elements 
NH3  +  Ua,  althouffh  we  may  suppose  them  otherwise 
arranged :  but  it  has  oeen  shown  that  sulphuric  add,  SO,, 
although  it  can  be  made  to  unite  with  ammonia^  does  not  pro- 
duce sulphate  of  ammonia :  but  that  the  formation  of  this 
latter  salt  requires,  besides  the  elements  of  ammonia  and  sul- 
))huric  add,  those  of  1  eq.  of  water,  HO  ;  and  that  the  salts 
of  ammonia,  with  the  oxygen  adds  in  general,  contain,  as  an 
essential  ingredient,  this  1  eq.  of  water.  It  is  not  easy  to  see 
why  ammonia  should  form  neutral  salts  without  the  aid  of 
water,  when  acted  on  by  hydrogen  adds,  and  should  require 
water  when  combining  with  oxygen  adds.  But  if  we  admit  that 
ammonium  exists,  and  is  the  ^e  basic  radical  in  all  these 
salts,  the  whole  becomes  clear.  In  that  case,  N  H,  +  H  O, 
ammonia  +  1  eq.  of  water,  becomes  N  H^,  O,  or  oxide  of  am- 
monium ;  sulphate  of  ammonia  +  water  ^H„  HO  +  80,) 
becomes  dry  sulphate  of  oxide  of  ammonium,  N H,  0,  80. ; 
and  hydrocnlorate  of  ammonia,  NH^,  HCl,  becomes  chloride 
of  ammonium,  NH^,C1.  It  has  been  observed,  that  the 
oxygen  add  salts  of  ammonia  +  water  are  isocnoiphous  with 
the  dry  salts  of  potash.  Now,  on  the  old  view,  wo  can  tiaoe  no 
analogy  between  NH  ,  H0,80  ,  and  KO,  80, ;  but,  if  w» 
admit  the  existence  of  the  metal  ammonium,  and,  still  mon, 
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if  we  represent  it  by  the  symbol  Am.  the  analogy  becomes 
obvious.    Thus  we  have  the  two  i 


Ammoniimi. 

Do.  at  fon  length. 

Metel      . 

.     K     .        . 

Am      •      . 

NH. 

Oxide      . 

•    KO   .       . 

AmO  .       . 

NH^,0 

Chloride  . 

.    KCl  .      . 

Am  CI .      . 

NH.,  CI 

Sulphate  . 

•    KO,SO, 

Am  0,  SO, 

NH^,0  +  SO 

The  only  difference  between  the  two  series  is,  that  we  know 
Am.  to  be  a  compound,  while  K  is,  as  yet,  undecomposed. 
Bat,  as  formerly  remarked,  all  our  present  elements  may  here- 
after prove  to  be  compounds  ;  and  even  were  this  not  so,  we 
can  easily  conceive  a  compound  metal  playing  the  same  part 
as  a  simple  one. 

We  have  to  bear  in  mind  that  ammonium,  if  it  exists,  is 
resolved  into  ammonia  NH,  and  hydrogen,  whenever  we 
attempt  to  isolate  it:  that  ammonia,  in  combining  with  a 
hydrated  oxygen  acid,  such  as  HO,  SO  ,  takes  the  hydrogen 
of  the  water,  forming  ammonium  N  H^,  which,  with  the 
oxygen  of  the  water,  produces  oxide  of  ammonium,  and  that 
the  oxide  then  unites  with  the  acid  :  and,  finally,  that  ammo- 
nia, in  contact  with  a  hydrogen  acid,  such  as  U  CI,  takes  the 
hydrogen  of  the  acid  to  form  ammonium,  which  then  unites 
with  the  acid  radical  chlorine.  Indeed,  this  very  simple  view 
may  be  extended  to  the  hydrated  oxygen  acids,  if  we  view 
them  as  hydrogen  acids.  Hydrated  sulphuric  acid,  HO,  SO^, 
may  be  viewed  as  a  hydrogen  acid,  H,  SO  :  and  if  ammonia 
act  on  this,  we  have  either  NH.  -f-  HO,  SO,  =  NH^,  O, 
SO  :  orNH,  +  H,  SO^  =  NH^,SO^;  the  latter  being 
perfectly  analogous  to  the  formation  of  chloride  of  ammonium 
(sal  ammoniac),  NH„  +  H  CI  =  NH,,  CI. 

The  above  is  a  sketch  of  the  ammonium  theory  of  Berzelius, 
which  is  beautifully  consistent,  if  we  once  admit  the  existence 
of  ammonium :  rendered,  as  it  is,  so  probable  by  the  pheno- 
mena of  the  amalgam,  and  by  the  isomorphism  of  the  com- 
pounds of  potash  and  those  of  ammonia  -h  1  eq.  water.  This 
theory  is  pretty  generally  adopted  by  chemists. 

4.  Chlorxmk.    CI  =  35*47. 

This  element  occurs  in  prodigious  quantity  in  the  well 
known  substance,  sea  or  rock  salt,  in  which  it  is  combined 
with  sodium.  It  is  also  occasionally  found  in  combination 
with  lead,  silver,  and  mercury.  Chloride  of  potassium  is  a 
frequent  ingredient  of  ashes,  especially  of  the  ashes  of  sea 
plants. 
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'  It  is  best  prepared  hy  the  action  of  peroxide  of  man^ese 
on  hydrochloric  acid.  1  part  of  finely-powdered  peroxide  is 
covered  in  a  roomy  flask  with  6  parts  of  moderately  strong 
hydrochloric  acid  (4  parts  of  concentrated  acid  and  2  of  water) ; 
to  the  flask  is  fitted  tightly  a  tube  bent  twice  at  right  angles, 

the  longer  limb  of  which 
is  conducted  to  the  bottom 
of  a  dry,  wide-mouthed 
bottle,  ^mished  with  a 
tight  glass  stopper.  The 
chlorine,  on  the  appHci^ 
tion  of  a  gentle  warmth, 
escapes  in  the  form  of  gas, 
and  being  much  heavier 
than  air,  is  very  easily  col- 
lected in  dry  vessels  by 
displacement.  As  soon  as 
i  the  bottle  is  filled,  which 
is  easily  seen  from  the 
yellow  colour  of  the  gas,  it  is  withdrawn  and  replaced  by 
anoUier.  If  the  gas  is  to  be  kept,  the  stopper  must  oe  tight^ 
fitted  into  the  bottle,  and  the  juncture  well  greased. 

The  following  equation  shows  the  change: — Mn  0,4*2  H 
CI  =  Mn  CI  +  2  HO  +  CI.  Here  one  half  of  the  chlorine  is 
given  off  as  gas,  while  the  other  remains  behind  as  chloride  of 
maneanese. 

Chlorine  at  the  usual  temperature,  is  a  gas  which  is  lique- 
fied by  a  pressure  of  about  four  atmospheres.  It  is  trans- 
parent and  of  a  strong  yellowish-^reen  colour  (hence  its  name). 
Its  Sp.  G.  is  2*600.  Its  smell  is  very  disagreeable,  pungent 
and  suffocating ;  when  much  diluted  it  recals  the  smell  of  the 
air  on  the  sea  shore.  If  respired  pure,  it  causes  instant  death ; 
and  even  when  diluted  wiUi  air,  excites  cough,  pain,  and  a 
sense  of  stricture  on  the  chest,  often  lasting  for  many  hours^ 
and  only  relieved  by  a  very  copious  expectoration  of  thick 
mucus,  but  occasionally  followed  by  si>itting  of  blood.  The 
irritation  thus  caused  may  often  give  rise  to  permanent  and 
serious  disease  of  the  lungs,  and,  therefore,  care  should  be  taken 
not  to  breathe  the  gas  in  working  with  it.  It  is  not  a  little 
remarkable,  however,  that,  if  very  much  diluted,  although  still 
apt  to  excite  cough,  it  is  found  to  alleviate  the  symptoms  of 
rathisis  when  inhaled,  probably  by  promoting  expectoration. 
The  patients  themselves  soon  learn  to  bear  it  stronffer,  and  to 
long  for  the  hour  of  inhaling  it.  It  is  also  stated  that  the 
workers  in  manufactories  of  bleaching  powder,  and  in  bleach- 
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ing  and  dye  works,  where  the  air  is  always  to  some  erUnt 
chaiiged  with  ehlorine,  are  less  liable  to  phuusLs  than  others : 
so  that,  up  to  a  certain  point,  the  system  seems  capable  of 
becoming  nabitoated  to  it  with  benefit. 

Chlorine  supports  the  combustion  of  many  snbstanoes,  snob 
as  a  candle  ;  many  take  fire  spontaneously  in  it,  as  phosphorus, 
antimony,  oil  of  turpentine,  ^.  It  may  be  made  to  bum  itaelf 
in  an  atmosphere  of  hydrogen  gas  or  coal  gas. 
.  Chlorine  gas  dissolves  in  water :  hence  it  cannot  be  pre- 
served over  that  liquid.  The  solution  is  termed  chlorine 
water.  It  has  the  smell  of  the  gas,  and  bleaches  v^table 
colours  most  powerfully,  which  perfectly  diy  chlorine  does  not* 
It  also  destroys  foetid  or  noxious  effluvia,  and  is  veiy  useful  in 
checking  the  spread  of  contagious  disease. 

The  affinities  of  chlorine  for  the  metals  are  vexy  powerful, 
frequently  stronger  than  those  of  oxygen.  It  therefore  decom- 
poses many  oxides,  as  well  as  bromides,  iodides,  sulphurets,  &c., 
at  ordinary  temperatures  and  almost  all  the  rest  at  a  red-heat. 
It  acts  so  strongly  on  mercuxy  that  it  cannot  be  collected  over 
that  metal.  But  its  strongest  affinity  is  to  hydrogen,  with 
which  it  forms  hydrochloric  acid.  It  is  to  this  powerful  affini^ 
that  the  bleaching  properties  of  chlorine  are  to  be  ascribed  ;  it 
seizes  on  part  of  the  hydrogen  of  the  colouring  matter,  and  thus 
decomposes  it  entirely.  The  same  remark  applies  to  the 
destruction  of  effluvia  and  miasmata. 

The  presence  of  free  chlorine  is  detected  by  its  smell  and 
its  power  of  bleaching  solution  of  indigo.  Nitrate  of  silver 
also  causes  with  it  a  curdy  white  precipitate  of  chloride  of 
silver,  insoluble  in  acids.    (See  Hydrochloric  Add.) 

The  compounds  of  chlorine,  wmch  are  not  acids,  are  called 
chlorides. 

SOLUTION  or  cBLoaiine. 

This  solution  is  prepared  by  simply  passing  a  slow  current  of 
chlorine  gas  through  water  (previously  boiled  and  allowed  to 
cool),  placed  in  inverted  retorts  nearly  fulL  As  soon  as  water 
begins  to  escape  at  the  neck  of  one  retort,  the  tube  is  trans* 
ferred  to  another,  and  so  on  alternately  till  the  water  refuses 
to  absorb  any  more.  The  solution,  which  has  the  colour,  smelL 
^d  bleaching  properties  of  the  gas,  must  be  kept  in  small 
bottles,  quite  filled,  and  closely  fitted  with  glass  stoppers.  A 
drachm  or  more  of  this,  added  to  about  four  or  six  oxmces  of 
water  at  100",  forms  a  mixture  through  which  air  may  be 
drawn  into  the  lungs  when  we  wish  diluted  chlorine  to  ble  in- 
haled. The  solution  is  decomposed  by  li^t,  and  ought,  theie- 
fore,  to  be  kept  in  the  dark. 
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Ghlorine  combines  both  witb  oxjgen  and  hydrogen,  but  at 
the  compoiind  of  chlorine  with  hydrogen  is  the  most  important^ 
we  diall  here  deTiate  slightly  from  the  natuxal  order  and  treat 
ofitfixBt 

CHLORINE  AND  HTDB06BN. 
Hydrochloric  Add.    H  CI »  36-47. 

8tic.  MuruOiG  Acid-^la  fonned  when  equal  volnmes  of 
chlorine  and  hydrogen  are  mixed  and  exposed  to  light,  flame, 
or  the  electric  spanc,  all  of  which  canse  the  gases  to  combine 
with  explosion.  Is  best  prepared  by  the  action  of  solphnric 
add  on  sea  salt,  when  the  gas  is  disengaged  even  without  the 
aid  of  beat.  As  water  instantly  absorbs  it,  it  must  be  col* 
leeted  over  mercury,  or  by  displacement,  as  it  is  somewhat 
heavier  than  air. 

Hie  following  equation  shows  the  formation  of  the  add  r— r 
NaCl  -fJHOTsO,)  =HC1  +  (Na  O,  SO,) :  or,Naa  +H, 
80   =BCl-f  Na,SO^. 

Hydrochloric  add  is  a  gas,  transparent  and  colourless, 
fuming  strongly  with  moist  air,  of  a  pungent,  add,  suffocating 
smell,  and  a  strong  sour  taste.  Its  Sp.  G.  is  ihe  mean  between 
those  of  cUorine  and  hydrogen,  or  1*284,  it  being  fonned  of 
equal  volumes  of  these  gases  without  condensation.  It  is 
absorbed  in  large  proportion  by  water,  forming  the  common  or 
Hquid  hydrochloric  acid,  which  is  merely  a  solution  of  the  gas 
in  water.  This  solution  reddens,  but  does  not  bleach,  vegeta- 
ble blue  colours  ;  and  neutralises  the  alkalies,  yielding  neutral 
salts,  which  are  found  to  be  chlorides. 

VHien  it  acts  on  soda,  Na  O,  for  example,  we  obtain  neutral 
cmtals  by  evaporation,  but  these  are  found  to  be  sea*  salt,  Na 
CI,  and  contain  neither  oxygen  nor  hydrogen,  so  that  these 
latter  elements  must  have  united  to  form  water ;  thus :  Na  O 
+  H  Cl=  NaCl  +  HO.  The  result  is,  in  regard  to  neu- 
trality, the  same  as  if  the  add  and  alkali  had  directly  com- 
bined together  and  neutralised  each  other  :  for  the  chloride  of 
sodium  ^NaCl)  and  water  are  both  neutral.  The  general 
fonnnla  for  the  action  of  this  and  similar  hydrogen  adds  on 
metallic  oxides  is  as  follows:  HR  +  MO  =  MR  +  HO. 
Heve,  R  stands  for  chlorine  or  any  other  add  radical,  and  M 
for  any  metal.  If  the  oxide  be  a  sesquioxide,  the  formula  will 
be3HR  +  M,0,  =M,R, +3H6.  Here,  8  eq.  hydr<^;en 
add  and  1  eq.  sesquioxide  yield  1  eq.  sesquichloride  (bromide^ 
iodide,  &c.)  and  3  eq.  water ;  but  ue  principle  is  the  same. 
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In  some  cases,  however,  hydrochloric  acid  appears  to  combine 
with  oxides ;  as  with  alumina  or  oxide  of  chromiom. 

It  will  be  easily  seen,  from  what  has  just  been  said,  that  the 
action  of  hydrochloric  acid  on  oxides  affords  a  ready  and  con- 
venient means  of  obtaining  the  corresponding  chlorides.  This 
method  is  very  often  employed. 

hydrochloric  acid  and  water. 
Liquid,  or  Aqueous  Hydrochloric  Acid. 

Syn.  Liouid  Muriatic  Add:  Spirit  0/ /Soft.— This  most 
indispensable  re-agent  is  best  prepared  by  the  following  easy 
process,  which  moreover  yields  it  perfectly  pure :  6  parts,  by 
weight,  of  pure  salt  are  introduced  into  a  dask  or  matrass,  and 
covered  with  ten  parts,  by  weight,  of  oil  of  vitriol,  and  4  parts 
of  water,  the  latter  having  been  previously  mixed,  and  the 
mixture  allowed  to  cool :  or  we  may  take  8*5  parts,  by  mea- 
sure, of  sulphuric  acid,  Sp.  G.  1*65.  '  No  action  takes  place  in 
the  cold,  so  that  we  may  adapt  securely  a  bent  tube  to  convey 
the  sas  to  the  flask.  This  tube  is  twice  bent  at  right  ancles, 
and  has  a  balb  blown  on  the  longer  descending  lunb.  In  a 
bottle,  surrounded  with  ice-cold  water,  is  placed  a  quantity  of 
distilled  water  equal  in  weight  to  the  salt,  and  the  oent  tube 
is  made  to  dip  about  ^  inch  into  this  water.    A  gentle  heat  is 


now  applied  to  the  flask,  which  rests  in  a  sand-pot,  and  con- 
tinued as  long  as  any  hydrochloric  acid  comes  over.  In  about 
two  hours  the  process  is  finished,  and  we  find  the  distiUed 
water  increased  in  volume  nearly  two-thirds,  and  converted 
into  hydrochloric  acid,  quite  pure  and  colourless,  of  Sp.  G.  1*14 
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to  1*16.  If  we  wish  it  as  strong  as  possible,  or  of  Sp.  G.  1*21, 
we  hsye  only  to  employ,  in  a  second  operation,  a  part  of 
the  add  above  described  in  the  place  of  the  distiUed 
w»ter,  during  the  first  half  of  the  operation,  when  it  will 
speedily  become  saturated.  No  safety-tabe  is  required :  it  is 
(mly  necessary  to  lower  the  bottle  a  little,  occasionally,  so  that 
the  tube  shall  never  dip  far  into  the  liquid :  and  even  should 
absorption  take  place  too  rapidly,  and  the  water  rise  in  the 
tube,  the  bulb  will  receive  it,  the  end  of  the  tube  will  be  ex* 
posed,  and  air  entering  will  prevent  the  reflurgitation  of  the 
water  into  the  flask.  This  simple  tube,  uierefore,  forms  a 
self-acting  valve,  and  renders  a  safety-tube  unnecessary.  The 
absorbing  liquid  must  be  kept  as  cold  as  possible,  by  frequently 
changing  the  surrounding  water,  which  becomes  warm  owing 
to  the  heat  developed  in  the  absorption.  If  ice  can  be  had,  s 
little  added  to  the  cooling-vessel,  from  time  to  time,  keeps  the 
temperature  sufficiently  low. 

In  Uie  above  operation,  the  proportions  of  acid  and  salt  are 
aoeording  to  the  formula 

Na  Cl+2  (HO,  SO,)=(Na O,  HO,  2S03)  +  H  CI. 

Here,  2  eq.  of  acid  are  employed  for  one  of  salt ;  for  two  res^ 
sons.  First,  a  much  lower  heat  is  required  ;  and  2ndly,  the 
resulting  salt,  bisulphate  of  soda,  is  quite  easily  got  out,  with- 
out risking  the  flask,  which  is  not  the  case  when  1  eq»  of  acid 
is  used,  and  neutral  sulphate  is  left.  The  acid  is  diluted  to 
Sp.  0. 1*65,  or  even  1*60  for  the  same  reasons.  The  addition 
of  the  water  facilitates  the  operation,  and  renders  the  resulting 
mass  more  soluble  and  manageable.  It  is  to  be  observed  tha^ 
notwithstanding  this  addition  of  water,  4  of  the  hydrochloric 
add  gas  comes  off  quite  dry,  and  it  is  only  towards  the  end  of 
the  operation  that,  the  heat  beine  increased,  water  and  add 
come  off  together.  This  is  easily  Known  by  the  tube  becoming 
hot  from  the  condensation  of  the  steam.  From  first  to  last, 
not  a  trace  of  sulphuric  acid  passes  over,  even  into  Uie  tube  ; 
and  thus  by  using  tolerably  pure  materials,  we  obtain  colourless 
and  pure  hydrochloric  acid,  as  easily  and  cheaply  as  if  we  were 
making  the  very  impure  acid  of  commerce.  By  the  above  pro^ 
cess,  the  purest  and  stronsest  hydrochloric  acid  might  be  sold 
for  not  more  than  3^.  per  lb.,  probably  for  less. 

Pure  aqueous  hydrochloric  acid  has,  when  concentrated,  a 
Sp.  G.  of  1*21,  and  fumes  stron^l^  when  exposed  to  the  air,  the 
gas  constantly  escaping  and  umtmg  with  the  vapour  which  it 
meets.  The  acid  even  fames  when  no  denser  than  1*13,  and 
add  of  from  1*14  to  1*16  is  most  convenient  for  common  use. 
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as  tlier^  is  not  so  much  gas  lost  from  it  as  from  the  strongest. 
It  onglit  to  be  quite  colonrless  ;  if  yellow,  it  contains  penmlo- 
ride  of  iron  or  free  chlorine,  probably  both.  The  liqnid  is  yery 
acid  and  corrosive.  When  a  rod  dipped  in  aqua  anunonisB 
is  brooght  near,  very  thick  white  fames  of  sal  ammoniac  are 
formed.  If  heated,  sas  is  escpNelled,  the  boiling  point,  which  is 
at  first  very  low,  gradually  rising,  till  the  Sp.  G.  falls  to  I'lOO, 
when  the  boiling  point  is  rather  higher  than  that  of  water;  and 
at  this  strength  tne  acid  distils  over  unchanged.  A  weaker 
acid,  if  boiled,  loses  water,  and  becomes  stronger,  while  a 
stronger,  as  we  have  seen,  loses  gas  and  becomes  weaker.  We 
can,  therefore,  purify  the  common  acid  by  diluting  it  to  Sp.  Q-, 
riOO,  and  distiUing  it, rejecting  the  first  and  last  portions.  The 
intermediate  portion  is  pure,  but  cannot  in  this  way  be  obtained 
concentrated. 

^  The  presence  of  hydrochloric  add  is  detected  by  nitrate  of 
silver,  which  forms,  even  in  very  diluted  solutions,  a  white 
enrdy  precii»itate  of  chloride  of  silver,  insoluble  in  acids.  It  is 
to  be  borne  in  mind,  however,  that  the  presence  of  free  chlorine 
and  soluble  chlorides  give  rise  to  the  same  compound :  we  must, 
therefore,  ascertain  their  absence,  and  the  presence  of  an  acid, 
before  we  can  rely  on  this  test. 

The  muriatic  acid  of  commerce  is  very  impure.  It  contains 
fixed  impurities,  detected  by  evaporation  to  dryness :  sulphuric 
acid,  detected  by  adding  to  the  liquid,  first  distilled  water,  and 
ihen  a  salt  of  barium ;  chloride  of  iron,  detected  by  ferrocyanide 
of  potassium ;  free  chlorine,  recognised  by  its  power  of  dissolving 
gold ;  and  sulphurous  acid,  easily  known  by  its  smell.  It  often 
also  contains  tin  and  arsenic,  wnich  may  be  discovered  by  the 
proper  tests  of  those  metals.  As  no  re- agent  is  so  much 
employed  by  the  chemist,  and  none  so  necessary  to  have  per- 
fectly pure,  the  chenust  ou^ht  never,  in  careful  experiments,  to 
nse  the  common  acid  ;  and  it  is  on  this  account  tnat  I  have  so 
piinutely  described  the  method  which  I  have  given  for  obtaining 
it  pure,  and  which  is  now  generally  adopted  in  the  ContinenUd 
laboratories. 

Hydrochloric  acid  is  much  used  in  chemical  investigations, 
chiefly  for  dissolving  inorganic  bases,  with  most  of  which  it 
forms  soluble  chlorides  :  the  exceptions  are  oxide  of  silver  and 
protoxide  of  mercury,  the  chlorides  corresponding  to  whidi 
are  insoluble  ;  and  protoxide  of  lead,  which  yields  a  sparing- 
ly soluble  chloride.  In  all  inorganic  researches,  and,  above 
ul,  in  the  analysis  of  minerals,  soils,  &c.,  it  is  absolutely  in- 
dispensable. 

Hydrochloric  acid  may  be  viewed  as  the  type  of  all  acids, 
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includiiig  the  so-called  hydrated  oxvgen  acids.  We  shall  have 
occasion  to  return  to  this  subject  when  treating  of  the  acids  of 
snlphnr^  and  also  in  the  general  remarks  on  salts. 

NmiO-MUIUATIC^  OR  NITBO-HTDBOCHLORIO  ACID. 

Stn.  Aqua  Rwia. — This,  which  was  formerly  viewed  as  a 
distinct  acid,  ana  celebrated  for  its  power  of  dissolving  gold, 
is  in  reality  a  mixture.  It  is  made  by  adding  nitric  acid  to 
twice  or  thrice  its  balk  of  strong  hydrochloric  acid.  Both  acids 
are  decomposed,  according  to  the  equation  : — 

Ha  +  NOa=HO  +  CI  +  NO^. 

Here  the  products  are  water,  dblorine,  and  nitrous  acid.  It  is 
also  poesible  that  the  change  may  be  as  follows : — 

2  H  C1+N0^=  2  HO  +  Ca,  +  NO,, 

where  the  products  are  water,  chlorine,  and  hyponitrous  acid. 
While  neither  nitric  nor  hydrochloric  acid,  if  pure,  can  dissolve 
l^old  or  jplatinum  separately,  this  mixture  does  so  readily.  It 
is  certain,  that  free  chlorine  can  dissolve  those  metals,  and  that 
their  solution  in  aqua  regia  yields  chlorides  on  evaporation ; 
but  there  is  reason  also  to  believe,  that  the  nitrons,  or  hypo- 
nitrous  acids,  contribute  powerfully  to  the  solvent  power  of  the 
aqua  regia,  possibly  by  yielding  oxygen  to  the  metals,  as  these 
adds  are  more  easily  decomposed  than  nitric  acid. 

CHLORINE  AND  OXTOBN. 

The  affinity  of  chlorine  for  oxygen  is  veiy  feeble,  and  these 
elements  cannot  be  made  to  combine  directly.  By  indirect 
means,  however,  they  may  be  made  to  unite,  and  four  com- 
pounds are  known,  all  of  which  are  acids. 

••    Hjpochloioiu  Acid.     CI  0=43*483. 

Stn.  Aeide  hypoehloreux,  Unterehlorige  /Sbffre.— When 
chlorine  gas  im  passed  through  a  cold  diluted  solution  of  an 
alkali,  compounds  are  foimed,  which  are  known  as  bleaching 
compounds^  and  have  been  considered  to  consist  of  chlorine  anS 
metalUc  oxides,  such  as  the  so-called  chlorides  of  lime  and  soda. 
They  axe,  however,  in  reality,  mixtures  of  chloride  of  the 
metal  with  hypochlorite  of  the  oxide.  Thus  2  eq.  soda  and  2 
eq.  chlorine,  instead  of  combining  together,  act  on  eac^  other 
as  follows : — 

2  Na  0+Cl,=Na  Q-f-Na  0,  a  O. 
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The  trae  bleaching  compound  of  soda  contains,  therefore,  1 
eq.  of  chloride  of  sodinm-j-l  eq.  hypochlorite  of  soda. 

To  obtain  hypochlorous  acid  in  the  free  state,  red  oxide  of 
mercury  and  water  are  agitated  with  chlorine ;  when  there  are 
formed  a  compound  of  perchloride  and  peroxide  of  mercuiy, 
which  is  insoluble,  and  hypochlorous  acid  which  dissolves  in 
the  water. 

2  Hg  Oa  +  Cl^=(Hg  Og+Hg  Cl^)  +  2  CI  O. 

By  rectification,  a  stronger  solution  maybe  obtained  ;  and  if 
this  be  placed  in  a  retort  with  an  excess  of  diy  nitrate  of  lime^ 
this  salt  seizes  on  the  water,  and  the  hypochlorous  acid  gas 
separates,  and  may  be  collected  over  a  saturated  solution  of 
nitrate  of  lime. 

It  is  a  gas  of  a  strong  vellow  colour,and  a  peculiar  penetrating 
smell.  It  is  very  easily  decomposed  into  two  vol.  chlorine, 
and  one  vol.  oxygen,  exploding  by  the  mere  contact  of  many- 
combustible  substances,  or  by  a  gentle  heat.  Experiments  wita 
it  require  the  greatest  caution. 

Water  absorbs  about  100  times  its  volume  of  this  pa,  and 
acquires  a  pale  yellow  colour,  and  the  astringent,  not  acid,  taste 
and  peculiar  smell  of  the  sas.  It  bleaches  powerfully,  and  is 
easily  decomposed  by  all  substances  which  have  a  strong  affinity 
for  chlorine  or  for  oxygen. 

With  the  stronger  bases  it  unites,  forming  salts  which  are 
called  hypochlorites,  the  general  formula  of  which  is  MO,  CI  O. 
WiUi  acids  these  salts  yield  hypochlorous  acid,  not  chlorine , 
and  they  are  thus  distinguished  from  the  true  bleaching  salts; 
which,  when  acted  on  by  acids,  yield  pure  chlorine .  The  bleach- 
ing salts  have  the  general  formula  M  Cl-f-MO,  CI  O  ;  that  is, 
as  already  stated,  they  are  mixtures  or  compounds  of  chlorides 
and  hypochlorites.  The  action  of  sulphuric  acid  on  them  is  as 
follows : 

(M  Cl+MO,  CIO) +2  S0,=2  (MO,  SOa)+Cl,. 

Here  all  the  chlorine,  both  that  of  the  chloride,  and  that  of 
the  hypochlorite,  is  given  off  in  the  free  state.  Hence,  as 
chlorine  is  the  real  bleachinff  agent,  the  great  bleaching  power 
of  the  chlorides  of  lime  and  soda,  as  they  are  called.  The 
action  of  dilute  sulphuric  acid  on  bleaching  powder  (chloride 
of  lime,  or  Ca  Cl+Ca  0,  CI  0,)  furnishes  a  very  easy  and 
economical  method  of  disengaging  rapidly  a  laige  quantity  of 
chlorine  gas,  as  in  fumigating  a  lar^e  room  or  house  :  no  heat 
is  requir^ ;  we  have  only  from  time  to  time  to  add  a  table- 
spoonful  of  bleaching-powder  to  a  basin  of  diluted  acid. 

When  boiled,  the  hypochlorites  as  well  as  the  bleaching  com- 
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pooads,  which  consist  of  hypochlorite + chloride,  are  resolved 
into  chlorides  and  chlorates.  Thus  3  eq.  hypochlorite  of  potash, 
3  (KO,  a  O,)  yield  1  eq.  chlorate  of  potash,  KO,  CI  0„  and  2 

S.  chloride  of  potassium,  2  K  CI.  Of  course,  if,  as  in  the 
aching  compound  of  potash,  the  3  eq.  of  hypochlorite  were 
mixed  with  3  eq.  of  chloride,  the  result  would  be  1  eq.  of 
chlorate,  and  5  eq.  of  chloride. 

b.    Chlorous  Acid.    CI  04=67*522. 

Stk.  Penxide  of  Chlorine,  Chloride  Saure,  Acide  Hypo- 
Mtrique. — This  add  is  obtained  by  mixing  oil  of  vitriol  veiy 
gndnally  and  cautiously  with  chlorate  of  potash,  and  applpng 
to  the  yellow  pasty  mass  thus  formed,  in  a  retort  placed  m  a 
bath  ox  proof  spirit,  a  very  gentle  heat.  Chlorous  acid  is  given 
off  as  a  deep  yellow  gas,  which  is  even  more  easily  decomposed, 
and  more  explosive  than  the  preceding  acid.  Hence,  vexy 
great  caution,  and  the  use  of  a  glass  mask,  are  necessaiy  in 
experimenting  with  it.  It  may  be  collected  over  mercuiy. 
Its  smell  is  peculiar,  almost  aromatic.  It  is  absorbed  by 
water,  which  acquires  its  odour,  and  its  bleaching  properties. 

The  following  equation  explains  its  formation : — 

3  (KO,  CI  O.)  +  (2  80.)=K0,  CI  O,  +  2  (KO,  SO.)  +  2  CI  O4. 

That  is,  3  eq.  chlorate  of  potash,  and  2  eq.  sulphuric  acid,  yield 
I  eq.  peichlorate  of  potash,  2  eq.  sulphate  of  potash,  and  2  eq. 
chlorous  acid. 

The  compounds  of  chlorous  acid  with  bases  are  not  much 
known.  In  contact  with  alkalies,  chlorous  acid  appears  to  be 
resotred  into  chloric  and  hypochlorous  acids.   Thus,  4  CI  0 .  = 

3cao,+ao. 

c  Chloric  Acid.    CI  0^=75-535. 

6tn.  Hyperojq^muriaHc  Acid, — This  acid  is  formed,  as  we 
have  seen,  in  combination  with  a  base,  under  different  circum- 
stanoes ;  as,  when  the  solution  of  a  hypochlorite  is  boiled ;  when 
chlorine  is  passed  through  a  hot  and  strong  solution  of  an  alkali ; 
and  ndien  dilorons  add  is  brought  in  contact  with  bases.  It  is 
evident  that  in  the  second  case  a  hypochlorite  is  formed,  but  is 
by  the  heat  as  rapidly  destroyed,  yielding  a  chlorite  (see  chlorate 
ef  potash)  ;  and  if  we  suppose  6  eq.  of  potash  to  be  acted  on  by 
6  eq.  chlorine,  we  may  suppose  the  first  stage  to  be  represented 
as  ffdlowB : — 

6  K0+C1.=:8  K  Cl+3  (KO,  CI  0). 

And  in  the  second  stage,  the  3  K  CI  remaining  unchanged,  we 
have 

3  (KO,  C10)=:2  K  C1  +  (K0,  CI  O^). 
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Or,  omitting  the  firat  stage,  as  temporary  only  in  the  heat,  we 
have 

6  KO  +  a^siS  K  C1+(K0,  a  0.). 

To  obtain  chloric  acid,  chlorate  of  baryta  is  dissolved  in 
water,  and  sulphuric  acid  is  added,  so  as  exactly  to  precipitate 
all  the  baryta  as  sulphate.  The  clear  solution  is  concentrated 
by  spontaneous  evaporation. 
'  When  very  strong,  it  forms  a  vellowish  oily-looking  liquid, 
very  sour  to  the  taste.  A  piece  of  paper  dipped  in  it  soon  takes 
fire,  from  the  ease  with  which  the  acid  yields  its  oxygen.  It 
is  resolved  by  distillation  into  hyperchloric  acid,  oxygen,  and 
chlorine. 

2  CI  0^=01  0,+Cl+O,. 

The  salts  of  this  acid,  which  are  called  chlorates,  are  quite 
permanent,  but  readily  explode  with  combustible  matter  at  a 
red-heat ;  or,  in  some  cases,  by  friction  and  percussion  alone, 
or  by  contact  of  oil  of  vitriol.  Thus  phosphorus  and  charcoal 
explode  most  violently  in  contact  with  chlorate  of  potash — the 
latter  by  friction,  the  former  by  percussion ;  and  a  kind  of 
instantaneous  light,  formerly  much  used,  consisted  of  a  mixture 
of  clilorate  of  potash,  sugar,  and  a  little  gum,  to  make  it 
adhere,  placed  on  the  end  of  a  match,  and  dipped  into  oil  of 
vitriol,  when  it  took  fire.  The  lucifers  now  used  are  also  made 
with  the  same  saJt,  and  take  fire  by  friction.  (See  chlorate 
of  potash.) 

d.  Perchloric  Acid.    CI  0,=91*561. 

Stw.  Hyperchloric  Acid. — This  acid  may  be  obtained  either 
by  the  distillation  of  chloric  acid  (see  above),  or  by  the  distil- 
lation of  hyperchlorate  of  potash  with  an  equal  weight  of  oil 
of  vitriol,  previously  mixed  with  half  as  much  water.  It  is 
imrified  from  sulphuric  acid  by  means  of  baryta,  from  chlo- 
rine by  oxide  of  silver ;  and  is  then  concentrated  by  slow 
evaporation. 

It  resembles  the  preceding  acid,  and  when  very  concentrated, 
has  a  Sp.  O.  of  1'65.  It  reddens  litmus  without  bleaching  it, 
boils  at  412^,  and  may  be  distilled  without  change.  It  is  v^ 
permanent,  and  has  strong  affinities.  Its  best  known  salt  is 
the  perchlorate  of  potash,  which  is  so  sparingly  soluble,  that 
the  acid  may  be  used  as  a  test  for  potash,  in  all  liquids  not  too 
diluted.  As  the  perchlorate  of  sooa  is  very  soluble,  the  use  of 
this  acid  enables  us  to  distinguish,  and  to  separate  soda  from 
potash. 

The  perchlorate  of  potash  is  easily  formed  by  melting  chlo- 
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rate  of  potash,  and  heating  it  till  the  mass  becomes  thick  and 
pasty,  which  takes  place  when  -k  of  the  oxygen  is  expelled.  The 
residue  is  a  mixtoie  of  chloride  of  potassium  and  perchlorate 
of  potash,  and  the  latter  is  easily  purified  by  dissolying  the 
whole  in  hot  water,  and  allowing  it  to  crystallise  on  cooling. 
The  action  of  heat  on  chlorate  of  potash  is  thus  expressed  : 

2  (KO,  CI  Oa)=K  01+  (KO,  CI  O,)  +  0^. 

It  must  here  be  obseryed,  that  our  knowledge  of  the  com- 
pounds of  chlorine  and  oxygen  is  far  from  being  complete  or 
satiBCactory,  and  that  Gay-Lussac  and  MiUon,  since  the  disco- 
Teiy  by  Balard  of  hypocmorous  acid,  haye  deyoted  attention  to 
the  subject.  MiUon,  indeec^  has  published  an  elaborate  me- 
mobr,  in  which  he  describes,  under  the  name  of  chlorous  acid, 
a  compound  C10„  while  he  giyes  to  the  chlorous  acid  aboye 
described  the  name  of  hypocnloric  acid.  The  compound  dis- 
corered  by  Dayy,  by  acting  on  chlorate  of  potash  with  hydro* 
diloric  acid,  and  by  him  called  euchlorine,  by  others  protoxide 
of  ^orine,  and  supposed  by  some  to  be  a  mixture  of  chlorine 
and  chlorous  acid  (C10^\  by  others  to  be  identical  with 
ehloroiiB  add,  is,  according  to  Millon,  composed  of  CL 
0,,=:2C103+C10y.  He  calls  it  chlorochloric  acid,  and 
riewB  it  as  composed  of  chlorous  acid  (CIO,)  and  perchloric 
acid.  In  like  manner,  Millon  has  described  another  acid, 
obtained  by  the  action  of  light  on  his  chlorous  acid  in  contact 
with  cold  water,  and  which  he  calls  chloroperchloric  acid.  It 
is  composed  of  CI3O,, =0103+2  010,,  and  differs  from  the 
last  in  the  proportion  of  cmorous  and  perchloric  acids  it 
contains. 

Almostallof  these  compounds  haye  properties  so  similar, 
that  they  are  with  difficulty  distinguishea  from  each  other. 
Thus  there  are  not  less  than  6  compounds,  according  to  Millon, 
namehr  CIO,  CIO3,  010  ,  01,  0,„  and  Cl30,y,  which  are 
volatile  liquids,  yielding  deep  yellow  highly  explosiye  yapours. 
He  distinguishes  010  and  010  3  from  the  others,  as  forming 
permanent  salts  with  bases  ;  the  other  Uuree  ^eld,  with  bases, 
a  mtxtore  of  chlorate  with  chlorite  (the  acid  m  the  latter  being 
Millon's  chlorous  acid,  CIO,),  and  the  proportion  of  these 
salts  is  different  in  each  case. 

We  haye  not  space  to  enter  more  minutely  into  this  yery 
difficult  bat  interesting  subject.  The  researches  of  Millon  are 
bardly  completed,  and  require  confirmation.  In  the  mean 
time,  the  following  table  contains  the  compounds  admitted  by 
him,  with  his  yiew  of  their  true  constitution : 
o2 
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HypochloroiM  add  .    .  CI    O 

Chlorous  acid        .  .  CI    O, 

Hypochloric  add  .     .  CI    O4  =    Cl^O^^ssS  CIO.+CIO^ 

Chloric  add  .  CI    O^  =    ClaOjo=    C10,+C10, 

ChloTochloric  add  .    .  CI,  Oja=2  CI   O,   +    CIO, 

Chloroperchloric  add      .  CI,  0^,=:    CI   O,   +2C10y 

Perchloric  add  .  .     .  CI   O, 

It  will  easily  be  seen  that  Millon  admits,  as  independent 
componnds,  only  CIO,  CIO  , and  CIO,  ;  and  that  he  oonsidera 
all  ttie  others  as  compounds  of  CIO.  with  CIO,,  in  varions 
proportions.  This  r^idily  explains  tne  formation  of  peichlo- 
rate  of  potash  from  chlorate :  for,  on  this  view,  chlorate  of 

e>tash  IS  KO,  C10,+K0,  CIO, ;  and  when  heated,  it  is  the 
tter  (the  chlorite^  alone  which  is  at  first  decomposed  into 
chloride  of  potassium  and  oxygen.  On  this  view,  also,  we 
see  why  all  the  three  compounds,  ClO^,  Cl^O^  „  and  Cl^O^ ., 
have  properties  so  similar,  and  why  they  all  yield,  witli 
potash,  mixtures  of  chlorate  and  chlorite.  For  the  details  of 
the  preparation  and  properties  of  these  compounds,  I  must 
refer  to  the  memoir  of  Millon,  which  is  in  the  AnntUes  de 
Chimie  et  de  PfyHque,  1843,  also  in  Liebig's  Annalen, 
xlvi.,  281. 

CHLORINE  AND   NITROGBN. 

Perehloride  of  Nitiogen.    N  C\^'=  15607. 

Stn.  Qtsadrichlonde  of  Nitrogen. — This  compound  is  ob- 
tained by  allowing  chlorine  gas  to  come  in  contact  with  a 
solution  of  sal  anmioniac  at  9^  or  100^.  The  gas  is  slowly 
absorbed,  and  an  oily  liquid  appears  in  large  drops  on  the 
sur&ce  of  the  liquid.  By  agitating  the  yesse^  these  fidl  down, 
being  heayier  than  the  solution,  and  should  be  received  in  a 
thick  cup  of  lead,  kept  yery  clean. 

The  chloride  of  nitrogen  is  a  yellowish  oily  liquid,  distin- 
guished for  its  tendency  to  explode  by  the  mere  contact  of 
combustible  matter,  such  as  fat,  oil,  essential  oils,  phosphorus, 
&c.  &c.  The  explosion  is  so  violent,  that  even  one  drop  of 
the  liquid  infallibly  diatters  to  pieces  any  basin  or  bottle  in 
which  it  explodes  ;  and  as  it  explodes  often  without  any  ob- 
vious cause,  possibly  from  the  contact  of  some  minute  portion 
of  greasy  matter,  it  is  most  dangerous  to  experiment  on.  A 
strong  mask  should  be  worn,  and  all  the  vessels  employed 
should  be  scrupulously  clean  if  it  is  necessaiy  to  make  snch 
experiments;  it  is  better,  however,  not  to  attempt  them. 
Both  Dulong,  the  discoverer,  and  Davy,  suffered  very  severely 
from  their  researches  on  it.    Each  lost  an  eye,  and  the  fonner 
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lost  aeveial  fingers  also.  For  the  sake  of  illustration,  a  drop 
or  two  may  be  exploded  in  the  lead  cup  above  mentioned,  by 
simply  tonching  tnem  ^th  a  rod  dipped  in  oil.  The  results 
of  ine  explosion  are  chlorine  and  nitrogen  gases.  It  is  eene- 
xally  admitted  that  the  formula  of  the  compound  is  CL  N,  and 
its  formation  may  be  thus  e^liuned — ^NIl,,  HC1+CI,=4H 
Cl+NCl^. 

5.  Bbomihi.    Br=78*39. 

This  element  is  found  in  minute  proportion  in  sea  water,  in 
somewhat  laiger  quantity  in  the  water  of  the  Dead  Sea,  in  the 
bittern  or  mother  liquor  of  sea  water,  out  of  which  the  sea 
salt  has  been  oystaJlised,  and  in  the  mother  liquid  of  many 
salt  springs,  from  which,  in  like  manner,  the  sea  salt  has  been 
separated.  The  mother  liquor  of  the  salt  springs  at  Kreuznach 
is  particularly  rich  in  bromine.  In  all  these  cases,  the  bromine 
occurs  as  bromide  of  potassium,  sodium,  or  magnesium. 

To  obtain  it,  the  liquor,  concentrated  as  mudi  as  possible,  is 
exposed  tO'  a  current  of  chlorine  gas,  which  is  continued  as  long 
as  the  liquid  becomes  darker  in  colour  from  the  bromine  which 
is  set  free.  The  orange  liquid  thus  obtained  is  to  be  agitated 
with  ether,  which  rises  to  the  surface,  carrying  with  it  all  the 
bromine  dissolved,  which  gives  to  the  ether  a  hyacinth-red 
colour.  The  solution  of  bromine  in  ether  is  then  acted  on  by 
a  slight  excess  of  potash,  which  produces  a  mixture  of  bromate 
of  potash  and  bromide  of  potassium ;  6KO  +  6Br=5KBr  + 
(K  0,  Br  0  ).  The  whole  is  dried  up  and  ignited,  when  all  the 
oxygen  of  tne  bromate  is  expelled,  and  only  EBr  is  left.  This 
bromide  is  mixed  with  rather  more  than  half  its  weight  of  per- 
oxide  of  manganese,  and  then  distilled  along  with  its  own 
weight  of  oil  of  vitriol  (previously  mixed  with  half  its  weight 
of  water)  ;  the  red  vapours  of  bromine  are  dven  off,  and  con- 
densed in  a  tube  or  receiver  very  well  cooled.  By  rectification 
with  a  little  chloride  of  calcium,  the  bromide  is  obtained  diy 
and  pure.  The  following  is  the  action  of  the  sulphuric  acid  on 
the  bromide  of  potassium  and  peroxide  of  manganese :— EBr+ 
MnO, -1-280,  =K0^  SO,  H-Mn 0,80,  +  Br. 

Bromine  is,  at  ordinary  temperatu)res,  a  deep  brownish-red 
liquid,  boiling  at  US'" ;  its  Sp.  O.  is  2*99.  Its  vapour  resembles 
that  of  nitrous  acid,  but  has  a  very  peculiar  disagreeable  pxm- 
gent  smell.  It  is  iH>isonousy  and  acts  so  strongly  on  the  b^^ng 
membrane  of  the  nose,  that  the  mere  smelling  to  a  bottle  of 
bromine  is  often  followed  by  a  painful  sensation  in  the  nostril, 
attended  wiUi  a  copious  flow  of  tears,  lasting  for  hours,  or  even- 
for  days. 
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In  all  its  relations,  bromine  is  closely  analogons  to  chlorine. 
It  supports  the  combustion  of  phosphoms,  and  of  many  metak, 
like  chlorine,  and  it  bleaches  organic  colours.  With  hydrogen  it 
fbnns  hydrobromic  acid,  exactly  analogous  to  hydrochloric  acid ; 
with  oxygen  it  forms  as  yet  only  one  acid,  BrO^,  anal<)goa8  to 
chloric  acid.  The  analogy  is  equally  striking  when  we  com- 
pare the  metallic  bromides  with  the  corresponding  chlorides. 
Having  so  minutely  described  the  relations  of  chlorine,  this 
analogy  will  enable  us  to  describe  those  of  bromine  very  briefly. 
The  affinities  of  bromine  are  less  powerful  than  those  of 
chlorine,  so  that  the  latter  element  disengages  bromine  from 
its  compounds. 

BROMINB  AND  HYDROOBN. 
Hydrobromic  Acid.     H  Br  =z  79*39. 

To  obtain  this  acid,  phoGphoms,  bromine,  and  a  little  water 
are  placed  in  contact,  and  the  gas  which  is  disengaged  is  col- 
lected over  mercury.    The  dumge  is  the  following : —    ' 

P,  +  Br,  +  3HO=PaO,  +  3HBr. 

Here,  along  with  hydrobromic  acid^  phosphorous  acid  is 
produced. 

Hydrobromic  acid  is  a  gas,  transparent  and  colourless,  fuming 
strongly  when  mixed  witn  the  air.  Its  Sp.  G.  is  2'73.  It  is,  in 
smell,  taste,  absorbability  by  water,  and  indeed  all  its  properties, 
hardly  distinguishable  from  hydrochloric  acid ;  but  cnlorine 
decomposes  it,  setting  free  bromine.  The  strongest  solution  of 
the  acid  is  a  faming  liquid  of  Sp.  G.  1*29. 

With  metallic  oxides  it  forms  water  and  bromides,  exactly  as 
was  explained  under  hydrochloric  acid. 

M0  +  HBr=HO  +  MBr. 

The  bromides  of  lead,mercury,and  silver,like  the  correspond- 
ing chlorides,  are  insoluble :  the  other  bromides  are  soluble. 

BBOMIKBAND  OXTOXN. 

Bromic  Add.     Br  0^  ==  1 18*445. 

It  has  been  already  mentioned  that  bromic  acid  is  formed  in 
combination  with  potash,  when  bromine  is  acted  on  by  that 
alkali.  The  bromate  of  potash  is  quite  analogous  to  the  chlonite ; 
and  bromic  acid  may  be  obtained  in  the  same  way  as  chloric  acid, 
by  the  action  of  fluosilicic  acid  on  the  bromate  of  potash,  or  of 
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sulphiiric  add  on  bromate  of  buyta.  Its  properties  are  quite 
aiuuogoas  to  those  of  chloric  acid. 

There  is  some  reason  to  think  that  bromine  forms  bleaching 
oompoonds,  which,  like  those  of  chlorine,  contain  peculiar 
icidi)  bfomoos  or  hypobromons  acids  ;  and  it  is  also  probable 
that  there  exists  a  perbromic  acid,  analogous  to  perchloric  acid# 
Onr  knowledge  of  these  compounds,  however,  is  very  limited. 

No  compound  of  bromine  and  nitrogen  is  yet  known.  With 
ddorine  bromine  fonns  a  reddish-yeUow,  volatile,  pungent 
tiqsid,  which  is  said  to  be  Br  CI. ,  a  perchloride  of  bromme. 
When  this  substance  is  acted  on  oy  potash,  it  yields  chloride 
of  potasaum  and  bromate  of  potash. 

BrCl^+6KO  =  5KCl  +  (KO,BrO,). 

6.  loDiHB.    1=126-57. 

Iodine  occurs  in  marine  vegetables,  and  is  found  rather  more 
abendanUy  in  their  ashes,  as  iodide  of  potassium,  sodium,  or 
ttagneshun.  It  is,  of  course,  present  in  sea  water,  but  in  so 
■Ball  a  prop<»tion  as  not  to  be  easily  detected.  Iodide  of 
lilTer  has  been  found  in  Mexico,  and  some  of  the  Silesian  ores 
of  line  contain  iodine. 

It  IB  best  obtained  from  kelp,  the  ashes  of  various  species  of 
fncsB,  or  other  algse.  The  kelp  is  lixiviated  with  water  and 
the  lotion  evaporated  as  long  as  it  deposits  crystals.  The 
mother  liquor  is  precipitated  by  a  mixture>of  1  part  of  sulphate 
of  eopper  and  24  parts  of  sulpnate  of  iron,  and  the  precipitate, 
whicn  is  8ub-io<uae  of  copper,  Gu,  I,  if  neated  with  peroxide 
of  manfisseee  alone,  or  with  the  addition  of  sulphuric  acid, 
yieldr&e  iodine  as  a  purple  vapour,  which  condenses  in  black 
oystalline  scales  on  the  cold  part  of  the  ai^>aratus.  It  is 
porified  by  a  second  sublimation. 

At  ordinary  temperatures  iodine  is  solid,  of  a  grayish-black 
ordoor,  and  metallic  lustre,  like  plumba^.  It  is  often  seen  in 
scQte  ihomboidal  plates  ;  it  is  very  bnttle,  and  its  Sp.  G.  is 
4*948.  It  melts  at  SdO"",  and  is  converted,  when  dry,  into 
paiple  vapour  at  347^.  Along  with  the  vapour  of  water  it 
voMilises  much  more  easily.  It  has  a  peculiar  marine  smell 
and  a  rou^  acrid  taste;  and  is  poisonous. 

Iodine  is  sparingly  soluble  in  water,  which  takes  up  not  more 
than  j^^  of  its  weij^t  (1  lb.  of  water  dissolves  1  grain  of  iodine). 
The  s^tion  has  a  pretty  strong  brownish-yellow  colour,  and 
the  smeU  of  iodine.  Alcoholand  eth^r  dissolve  iodine  abundantly, 
fonniag  deep-brown  solutions.  Free  iodine,  whether  in  the 
fennof  vapour  -or  of  solution,  gives  to  starch  a  deep  blue  colour, 
wMcfa  affords  a  very  delicate  test  for  iodine,  as  well  as  for  starch; 
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Iodine,  like  chlorine  and  bromine,  enters  into  jcombinatioir 
with  phosphorus,  metals,  &c,j  when  placed  in  contact  with, 
them,  and  freqnently'  with  the  phenomena  of  combustion. 

In  liquids  contaimnff  a  minute  tpice  of  iodine  in  combination, 
it  is  best  detected  by  adding  firesh  starch  rubbed  up  with  water, 
and  then  a  very  little  chlorine,  which  may  easil]^  be  done  by 
simply  inclining  over  the  yessel  the  mouth  of  a  pmal  containing 
some  solution  of  chlorine)  but  not  allowing  the  liquid  to  drop. 
There  is  always  some  chlorine  gas  in  the  upper  part  of  the  phiu, 
which  by  its  weight  descends  to  the  surface  of  the  liquid  to  be 
tested,  and  the  wnole  beinjg;  a^tated  together,  a  blue  tint,  more 
or  less  deep,  appears  if  iodine  oe  present.  Or  oil  of  vitriol  may 
be  added  to  the  lic^uid  supposed  to  contain  iodine,  in  a  phial,  and 
a  slip  of  paper  moistened  with  starch  paste  inserted  between  the 
cork  and  the  neck  of  the  phial,  so  as  to  be  suspended  over  the 
liquid.  After  a  time,  if  iodine  be  present,  the  starch  is  tinned 
blue.  In  both  teste  the  iodine  is  set  free,  for  combined  iodine 
has  no  action  on  starch.  In  the  chlorine  test,  the  superior 
affinity  of  chlorine  seizes  on  the  metal  with  whidi  the  iocUne  ia 
united— thus :  KI  +  CI  =  KCl  +  1. 

In  power  of  afilnity  iodine  stands  below  bromine,  as  bromine 
does  below  chlorine.  With  metals  it  forms  iodides  extremely 
analogous  to  the  chlorides  and  bromides.  The  iodides  of  lead, 
mercuiy,  silver,  and  a  few  others  are  insoluble  or  sparingly 
soluble  ;  most  of  the  others  are  soluble.  Some  iodides  possess 
beautiful  colours,  as  those  of  lead  and  mercury.  With  nydro- 
gen  and  oxygen  iodine  forms  compounds,  which,  as  far  as  liieT 
are  known,  correspond  to  those  of  chlorine  and  bromine  with 
the  same  elemente. 

Iodine  itself,  and  many  metallic  iodides,  especially  iodide  of 
potassium,  are  much  used  in  medicine  as  remedies  m  scrofiola, 
and  as  discutiente  for  glandular  tumours  in  general.  They  are 
used  both  internally  and  externally  in  the  shape  of  baths  and 
ointmente.  Iodide  of  sulphur  is  also  used  medicinally.  The 
long-known  efficacy  of  burnt  sponge  was  shown  by  Coindet  to 
depend  on  iU  containing,  as  the  ashes  of  sea-plante  or 
zoophytes  generally  do,  a  small  proportion  of  iodine.  The  pre- 
sence of  iodine  has  also  been  detected  in  certain  mineral  q>ring8, 
both  in  South  America  and  in  Europe,  which  had  acquired 
celebrity  as  capable  of  curing  goitre,  a  disease  for  which  iodine 
seems  to  be  a  specific  remedy,  at  least  in  all  but  the  most  ad- 
vanced stages.  On  the  whole,  Hoq  discovery  of  iodine,  which 
was  made  almost  accidentally  by  Courtois,  a  soap-bcoler,  ia 
Paris,  in  1811,  has  proved  a  very  valuable  addition  to  the 
Materia  Medica. 
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lOOINK  AND  HTOBOOEN. 

Hydriodic  Acid.    H I  z=  127-57. 

Tikis  acid,  which  is  exactly  similar  in  properties  to  hydro* 
chloric  andhT<u:obromic  acids,  is 
best  obtained,  in  the  form  of  gas^ 
by  gently  heatins  a  mixture  of 
one  part  of  phospnoros  and  16  of 
iodine,  stratified  with  moistened 
sand  or  powdered  glass,  in  a 
small  tube.  The  gas  may  be 
collected  over  mercnry,  or  ab- 
sorbed by  water,  if  the  liquid 
acid  is  required.  As  iodine  and 
phosphorus  act  veiy  yiolently  on 
each  other,  and  indeed  take  fire 
in  the  oi)en  air,  the^  ought  to  be 
brought  in  contact  m  the  retort^ 
and  it  is  even  preferable  to  fill  it  first  with  carbonic  add. 
MiUon  has  lately  proposed  another  method,  namely,  to  dissolve 
in  a  yery  small  quantity  of  water,  in  a  retort  or  flask,  some 
iodide  of  potassium,  to  add  to  this  as  much  iodine  as  it  will 
dissolve,  and  a  moderate  quantity  of  phorohorus  in  small  pieces. 
Mid  tiien  to  i^ply  a  gentle  heat.  In  this  way  the  action  ia 
more  easily  regulated. 

Hydriodic  add  gas  is  transparent,  colourless,  acid  to  the  taste^ 
tad  suffocating  to  the  smell.  It  has  a  Sp.  O.  of  4*386,  fumes 
strongly  in  the  air,  and  is  absorbed  by  water  to  as  great  an 
SKtent  aa  hydrochloric  add  eas,  from  which  it  is  not  to  pe  easily 
distinguished,  except  by  w  action  of  chlorine  or  bromine^ 
"vdnen,  sdzing  the  hydrogen,  disengage  the  purple  yaponxa  of 
iodme. 

Tlie  aqneoas  solution  is  prepared  by  passing  a  current  of  the 
gas  throns^  water,  by  passing  a  current  of  sulphuretted  hy dro- 
m  through  water  in  which  iodine  is  suspended,  or  by  adding- 
dilnied  sulphuric  acid  to  a  solution  of  iodide  of  barium.  The 
two  latter  methods  are  thus  expressed  :-^ 

T.    I-hHS=:flI-»-8.    2.  BaI+HO,SO,=HI  +  BsO,SO,. 

When  Teiy  concentrated,  this  solution  acquires  a  Sp.  G.  of 
1'700.  It  does  not  keep  well,  however^  being  decomposed  by 
the  oxygen  of  the  air,  with  separation  of  iodine,  HI+0=: 
HO-f  JU  With  solution  of  bichloride  of  platinum,  hydriodic 
add  striketa  deep  brQwnish-red  colour  y  with  nitrate  of  biar 
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muth  a  dark  brown^  nearly  black.  Hydriodic  acid  can  dis- 
solve a  large  quantity  of  free  iodine,  which  gives  it  a  deep 
brown  colour ;  hence  the  gradnal  decomposition  of  the  acid  by 
the  air  is  shown  by  its  becoming  continually  darker,  from  dis- 
solving the  iodine  separated. 

With  metallic  oxides,  this  acid  forms  water  and  iodides. 
Thus,  with  solution  of  silver,  it  forms  a  yellowish- white  pre- 
cipitate of  iodide  of  silver ;  with  solution  of  lead,  a  fine  yellow 
precipitate  of  iodide  of  lead  ;  and  with  solution  of  peroxide  or 
bichloride  of  mercury,  a  beautiful  scarlet  precipitate  of  binio- 
dide  of  mercury.  With  chlorine  and  starch,  it  of  course  gives 
the  blue  iodide  of  starch. 

IODINE   AND   OXTOSN. 

a.  Iodic  Add.    100=166-675. 

Analogous  to  chloric  and  bromic  acids.  To  obtain  it,  iodine 
is  boUed  in  a  long-necked  flask  with  the  strongest  nitric  add, 
when  it  is  gradually  oxidised,  and  the  excess  of  nitric  add  is 
expelled  by  a  moderate  heat.  Or  9  parts  of  iodate  of  baiyta 
are  boiled  with  a  mixture  of  2  parts  of  oil  of  vitriol  and  10  or 
12  of  water.  The  filtered  liquid  by  evaporation  yields  iodic 
add  as  a  white  crystalline  solid. 

It  is  veiy  soluble  in  water  and  very  add  to  the  taste.  It  is 
easily  resolved  into  iodine  and  oxygen  by  a  red-heat ;  and  it 
also  yields  oxygen  to  many  organic  substances,  and  is  used  as 
a  test  for  morphia  or  its  s^dts,  which  it  colours  dark  brown. 

The  salts  of  iodic  acid,  like  the  chlorates  and  bromateSy 
deflagrate  with  combustible  bodies  at  a  red-heat,  but  not  so 
powerfully  as  chlorate  of  potash.  Iodic  acid  forms  two  aeiiea 
of  salts,  with  1  and  2  eq.  of  base  respectively. 

Iodic  add  is  decomposed,  iodine  l^ing  separated,  by  hydro- 
chloric and  hydrobromic  acids,  also  by  sulphuretted  hydrogen 
and  sulphurous  add.  It  may,  therefore,  be  recognised  by 
osin^  any  of  these  re-agents,  followed  by  starch,  to  detect  the 
free  iodine. 

b.  Periodic  Add.     IO,=182'661. 

Analogous  to  perchloric  acid.  Formed  when  iodate  of  soda 
is  heated  with  bleaching  liquor  (chloride  of  soda),  or  when 
chlorine  is  passed  through  a  not  solution  of  7  parts  of  diy  car- 
bonate of  soda  in  100  of  water,  in  which  1  part  of  iodine  is 
suspended,  as  long  as  a  white  crystalline  salt  is  depodted. 
This  is  periodate  of  soda.  It  is  dissolved  in  dilute  nitric  add, 
and  nitrate  of  lead  added,  which  forms  a  precipitate  of  periodate 
of  lead.    This  last  salt  is  boiled  with  diluted  sulphuric  add, 
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avoiding  exeeflSy  and  the  filtered  solution,  or  evaporation,  yields 
ciystals  of  periodic  acid,  in  transparent  plates. 

When  heated,  this  acid  is  resolved  into  oxygen  and  iodic 
wid.  It  fonns  with  bases  two  series  of  salts,  with  1  and  2  eq. 
of  base. 

It  is  at  present  donbtfol  if  there  exist  compounds  of  iodine 
with  less  oxygen  than  in  iodic  acid.  Salts  have  been  obtained^ 
baring  a  composition  r^resented  by  MO,  10  ;  but  the  sup- 
posed hypoiodons  acid,  10,  has  not  been  isolated,  and  these 
nits  are  very  easilv  resolved  into  a  mixtni^  of  iodates  and 
iodides,  of  which  they  may  possibly  be,  in  reality,  composed ; 
fore  {MO,  IO)=5MI+M0,I0,. 

IODINE   AND   NITROGEN. 

When  iodine  is  placed  in  contact  with  aqua  ammonisB,  there 
is  fonned  a  black  powder,  the  composition  of  which  is  either 
NI,  orNI^.  It  explodes  with  very  great  violence,  often 
spontaneously,  on  becoming  dry  by  exposure  to  the  air ;  and 
at  all  times  by  very  slight  causes,  a  sli^t  blow,  or  friction.  It 
is,  therefore,  a  very  dangerous  substance. 

IODINE  AND   CHLORINE. 

Iodine  readily  combines  with  chlorine,  fonning  apparentlv 
two  compounds,  ICl  and  I  CI  3,  which,  however,  are  not  well 
known.  Both  of  them  are  v(iatile  liquids  of  a  brown  colour, 
and  exceedingly  pungent  odour,  strongly  affecting  the  eyes. 
When  acted  on  by  alkalies,  they  yield  iodate  of  the  base  and 
chloride  of  the  metal,  while  iodine  is  set  free.  Water,  also, 
decomposes  them. 

IODINE  AND  BROMINE. 

Iodine  appeal,  also,  to  form  two  compounds  with  bromine, 
of  which  one  is  solid,  the  other  liquid.  With  alkalies  they 
yield  a  mixture  of  iodate  of  the  oxide  and  bromide  of  the 
metal,  with  free  iodine. 

7.  Fluorinb.    F=18*74. 

Has  element  occurs  in  the  mineral  kingdom  combined  vrith 
eakinm,  as  flnor  spar ;  also  in  small  proportions  as  an  element 
of  nica  and  of  topaz.  Fluoride  of  calcium  is  also  in  minute 
qnaatity  an  ingrement  of  anim^  bones,  especially  of  the  enamel 
of  the  teeth,  and.  of  the  urine  of  aome  animals.    It  is  very 
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remarkable,  ihat  fossil  bones  contain  mnch  more  flaoride  of 
calcium  than  recent  bones  ;  in  some  cases  eyen  10  per  cent. 
Even  human  bones  of  the  historical  period,  as  bones  from  the 
tombs  of  Egypt,  or  from  Pompeii,  appear  to  contain  more  fluo-* 
ride  of  calcium  than  those  of  the  present  day. 

Fluorine  has  not  yet  been  isolated,  owing,  no  doubt,  to  its 
very  powerful  affinities,  which  cause  it,  even  if  separated  from 
one  substance,  instantly  to  unite  with  another,  derived  from 
the  substance  of  the  vessel  used  for  the  experiment.  Its  pro- 
perties, in  the  separate  state,  are  therefore  unknown.  &nox 
»nd  Baudrimont  have,  of  late,  made  repeated  efforts  to  isolate 
fluorine,  using  vessels  of  fluor  sjpar,  &c.,  but  as  yet  without 
satisfactoiy  results ;  although  it  is  conjectured,  from  some  of 
these  experiments,  to  be  a  yellow  gas,  not  xmlike  chlorine.  It 
is  probaUe,  however,  that  the  presence  of  chlorine  has  been  the 
cause  of  this  apparent  resemblance. 

The  affinities  of  fluorine  for  metals  and  for  electro-positive 
elements  in  general,  are  very  powerful  indeed  ;  probably  sur- 
passing those  of  oxygen.  On  the  other  hand,  it  nas  not  been 
obtained  in  combination  with  any  of  the  more  negative  ele- 
ments, such  as  oxygen,  chlorine,  bromine,  and  iodine.  These 
considerations  render  it  probable  that  it  is  a  highly  negative 
body  ;  and  the  character  of  its  compounds  with  hyd^ocen  and 
metals  indicates  a  strong  analogy  between  fluorine  and  chlorine, 
bromine  and  iodine. 

FLUORINE  AND  HYDROGEN. 

Hydrofluoric  add.    HF=19*74. 

Stn.  Fluoric  a<»'c?.— This  add  is  obtained  by  the  action  of 
oil  of  vitriol  on  fluoride  of  calcium  (fluor  spar^.  The  pow- 
dered mineral  is  gently  heated  with  the  acid  m  a  retort  of 
lead,  silver,  or  platinum,  as  fflass  and  porcebdn  are  destroyed 
by  the  process,  and  the  acid  condensra  in  a  receiver  of  the 
same  metal,,  surrounded  by  a  freezing  mixture.  Hie  action  is 
thus  expressed — 

CaF+HO,SO,=CaO,SO,+HF. 

The  acid  appears  as  a  very  volatile  liquid,  strongly  acid  and 
corrosive,  fuming  in  the  air.  A  drop  on  the  skin  bums  it  like 
red-hot  iron,  and  causes  a  painful  sore,  not  easily  healed.  Even 
the  vapours,  if  they  are  allowed  to  come  much  in  contact  with 
the  hand,  are  apt  to  cause  painful  sores  under  the  nadls.'  llie 
acid,  even  when  much  diluted,  or  in  the  form  of  vapour,  rapidly 
corrodes  glass,  and  may  be  used  for  etching  on  glass  plates. 
With  metallic  oxides,  hydrofluoric  acid  gives  rise  to  water 
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and  metallic  fluorides;  HF+MO=HO+MF.  The  affinity 
of  flaorine  for  silicon  is  sach,  that  hydioflaoric  acid  decompoees 
all  nlicioiis  compounds  ;  and  this  explains  ^  corrodye  action 
on  glan  and  porcelain.  BeneUns  has  employed  this  add  as 
a  meana  of  analysing  siUcions  minerals.  As  the  fluoride  of 
aflictum  is  gaseous,  any  such  mineral,  if  digested  with  hydro- 
fiuoiie  add,  soon  loses  all  its  silica,  and  is  dissolved,  so  that 
the  other  ingredients  may  he  determined. 

No-wmapound  of  fluorine  with  any  of  the  preceding  elements, 
eioept  hydrogen,  is  yet  known.  Its  com^unds  with  silicon, 
boron,  and  the  metals  will  come  to  be  descnbed  in  their  natural 
places. 

8.  Sulphur.   Sa  16*12. 

Sulphur  occurs,  especially  in  volcanic  districts,  in  a  state  of 
ponty,  often  ciystaUised.  It  is  also  found  in  combination  with 
omen,  as  sulphuric  add,  in  gypsum,  heavy  spar,  and  many 
other  minerals,  vrith  hydrogen  as  sulphurettea  hydrogen,  in 
minefal  waters,  and  above  all  with  metals,  most  abundantly 
with  lead,  iron,  copper,  &c.  &c  FinaUv,  it  is  an  essentia 
iagiedient  of  ve^table  and  animal  fibrine,  albumen,  and  caseine, 
axkd  as  such  is  mdispensable  to  vegetation  and  to  animal  life. 
Some  essential  oils,  such  as  those  of  mustard,  of  horse-radish, 
of  aasafoetida,  &c^  contain  a  laige  proportion  of  sulphur. 

Native  sulphur  is  purified  by  sublimation,  when  the  sulphur 
assumes  the  foim  of  a  fine  li^t  powder,  flowers  of  sulphur.  It 
also  occurs  in  cylindrical  sticks,  roll  sidphur,  which  has  been 
mdied  and  run  into  moulds. 

Sulphur  is  a  solid  of  a  pale  yellow  colour,  of  Sp.  0. 1*99, 
and  vnien  pure  has  neither  taste  nor  smell.  It  melts  at  226<> 
and  boils  at  tiOO«,  yielding  a  deep  brownish-yellow  vapour,  or 


At  temperatures  below  39d»  the  melted  sulphur  is  very 
but  if  heated  to  and  beyond  that  point,  it  becomes  so 
thick  and  visdd  that  it  cannot  be  poured  out  of  the  vessel. 
If  the  heat  be  still  increased,  so  as  to  approach  the  boiling 
point  of  sulphur,  it  again  becomes  fluid,  although  not  so  much 
so  as  at  230**  or  240«.  If  now  allowed  gradiuJly  to  cool,  it 
fiiBt  becomes  thick,  and  on  cooling  still  further,  ouite  fluid 
again.  When  throvm  into  water  in  its  most  fluid  state 
(at  240<*),  it  instantly  becomes  a  hard  brittle  yellow  mass ; 
but  if  heated  to  between  500^  and  600<*  for  some  time,  and 
then  thrown  into  water,  it  remains  brown  and  transparent, 
and  is  so  flexible  that  it  ma^  be  kneaded  in  the  fingers,  and 
drawn  into  threads.  In  this  state  it  may  be  used  for  taking 
copies  of  reliefs  or  intaglios,  for  in  a  few  days  it  becomes 


fluid, 
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solid,  czyBtalline;  faard^  and  yellow,  retaining  veiy  shacp 
impressions. 

Sulphur  is  a  veiy  bad  conductor  of  heat  and  of  electricity, 
hence  it  becomes  strongly  electric  by  friction.  It  crystallises 
in  two  distinct  and  irreconcilable  forms,  i)robably  from  a 
difference  of  temperature;  from  a  solution  in  sulphuret  of 
carbon,  or  chloride  of  sulphur,  in  acute  rhombic  octohedrons ; 
and  when  melted  and  iJlowed  to  cool,  in  oblique  rhombic 
prisms.  It  is  thus  dimorphous,  and  besides  occurs  in  an  alto- 
^ther  amorphous  state  when  heated  to  600  <^  and  thrown 
into  cold  water  (gee  above). 

Sulphur  is  insoluble  in  water,  soluble  in  alcohol,  ether, 
and  oils,  also  in  bisulphuret  of  carbon  and  in  chloride  of 
sulphur. 

The  affinities  of  sulphur  are  powerful ;  it  fonns  numerous 
and  important  compounds,  especially  ihoae  with  oxvf^en, 
hydrogen,  and  the  metals.  With  man^  metals  it  combmes 
when  heated  along  with  them,  the  combination  beinff  accom- 
panied with  the  development  of  heat  and  light.  In  other 
words,  metals  undeigo  combustion  with  sulphur,  just  as  with 
oxygen  or  chlorine.  The  compounds  of  sulphur  with  metals 
are  called  sulphurets. 

Besides  roll  sulphur,  and  sublimed  sulphur,  there  is  another 
form,  namely,  precipitated  sulphur  or  lac  sulphuris.  This  is 
a  light  powder,  nearly  white,  obtained  by  boiling  sulphur  with 
water  and  an  aJkali,  and  adding  an  acid  to  the  solution,  when 
sulphur  separates  as  a  precipitate.  It  is  very  finely  divided, 
and  appears  to  contain  some  water,  although  not  perhaps 
chemically  combined. 

Sulphur  is  much  used  both  externally  and  internally  in 
medicme.  It  is  a  mild  laxative,  and  acts  as  a  specific  when 
employed  as  ointment  in  prurigo  and  some  other  cutaneous 
affections. 

When  heated  to  above  660^  in  the  open  air,  sulphur  takes 
fire  and  bums  with  a  blue  flame,  producing  a  very  suffbcatiiig 
gas,  which  is  sulphurous  acid,  the  only  compound  of  sulphur 
with  oxvgen  capable  of  being  formed  by  direct  combination 
of  ite  elemente.  There  are,  however,  several  other  com* 
pounds  of  sulphur  and  oxygen,  and  one  of  them,  the  sul- 
phuric acid,  is  perhaps  the  most  important  agent  possessed 
by  the  chemist. 

SULPHUR  AND  OXTOEN. 
a.  Sulphurous  acid.    SO^^  32-146. 
This  is  the  gas  produced   when  sulphur  bums  in  the 
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air  or  in  oxygen  gaa.  It  is  best  obtained  pure  by  beating 
oil  of  vitriol  witn  mercniy  or  copper.  Eitber  of  these 
metals  deprives  a  part  of  tbe  salphnric  acid  of  oxysen,  and 
the  oxide  thus  formed  combines  with  the  rest  of  the  acid, 
Tbn*— 

Cu+2(H0,  SO,)=(Ca  0,  S0,)+2  HO+SO«. 

The  gas  may  be  collected  over  mercuiy,  being  absorbed  by 
water. 

Sulphorons  acid  is  a  transparent  and  colourless  gas ;  it  has 
a  pecnliar  disagreezible  taste  and  a  most  suffocating  smell,  and 
is  very  injurious  when  respired,  its  effects,  such  as  hard 
cough,  constriction  in  the  trachea,  &c.,  continuing  for  a  long 
time.  It  is  also  veiy  injurious  to  vegetation.  Its  Sp.  G. 
is  2*222.  It  bleaches  organic  matters,  such  as  flowers,  without 
destroying  the  colouring  matter  as  chlorine  does ;  for  the 
addition  of  a  stronger  acid  produces  the  same  red  as  if  the 
colour  had  not  been  bleached.  Sulphurous  acid  gas  is  lique- 
fied by  intense  cold,  and  3rields  a  very  volatile  liquid. 

Water  absorbs  about  50  times  its  volume  of  tlus  gas,  form-  . 
ing  liquid  sulphurous  acid,  as  it  is  called,  properly  an  aqueous 
solution  of  the  acid.  This  solution  has  the  suffocating  smell, 
peculiar  taste^  and  bleaching  properties  of  the  gas.  If  exposed 
to  the  air,  it  gradually  absorbs  oxygen,  and  passes  into 
sulphuric  acid.  Nitric  acid  also  converts  sulphurous  add 
into  sulphuric  acid. 

With  bases,  sulphurous  acid  forms  salts  which  are  called 
sulphites.  They  have  all  the  unpleasant  taste  of  the  acid, 
and  when  acted  on  by  stronger  acids,  give  off  the  suffoeatii^ 
smell  of  burning  sulphur.  These  salto,  as  well  as  the  add, 
are  occasionally  used  oy  the  chemist  as  deoxidising  agents,  the 
sulphurous  acid  having  a  verv  powerful  attraction  for  a 
third  eq.  of  oxygen  to  form  suij^uric  add.  The  oxides  of 
mercury,  silver,  gold,  and  platiuum,  in  solutions  of  their  salts, 
are  reduced  to  the  metallic  state  by  sulphurous  add. 

b.  Snlpbnric  acid.    803=40*159. 

Oil  of  vitriol,  or  hydrated  sulphuric  add  =  HO,  SO.  or  H, 
SO   =  49-272. 

The  fust  of  these  fonnuls  represents  dxy  or  anhydrous  sul- 
phuric acid,  or  at  least  a  substance  having  the  compontion  of 
oil  of  vitriol,  mitms  1  eq.  of  water.  But  it  is  very  doubtfiil  if 
thifi  compound  really  possesBes  add  properties ;  and  we  con- 
sider as  true  sulphuric  add  the  well-known  compound  oil  of 
vitriol,  which  may  be  viewed  either  as  a  compoimd  of  water 
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(a  hydrate),  or  a  compound  of  hydrogen  (a  hydrogen  add, 
analoffoQB  to  hydrochloric  acid). 

Anhydrons  sulphuric  acid  is  ohtained  by  distillinff  dried  basic 
persulphate  of  iron,  Fe,  O,,  SO,,  when  the  peroxide  of  iron  is 
left,  and  the  solphnric  acid  distils  over,  condensing  in  the 
receiver  (if  kept  dry)  as  a  white  crystalline  solid,  which  gives 
off  thick  fames  in  moist  air,  is  converted  into  vapour  at 
about  160°,  and  has  so  strong  an  affinity  for  the  elements  of 
water,  that  when  thrown  into  water  it  hisses  as  a  red-hot 
iron  would  do^  combining  with  the  water  and  forming  oil  of 
vitriol. 

This  compond,  80,,  enters  into  few  combinations,  and  does 
not  form  the  ordinary  sulphates,  unless  the  elements  of  water 
be  present.  Its  clami  to  the  character  of  an  acid  is  therefore 
doubtful,  and  depends  on  the  view  which  makes  oil  of  vitriol 
a  hydrate,  HO,  SO,. 

OIL  OF  vrraioL,  or  true  sulphuric  acid. 

This  acid  cannot  be  formed  by  the  direct  union  of  its  ele- 
ments, but  is  produced  by  causing  sulphurous  acid  to  unite 
with  an  additional  eq.  of  oxygen,  in  contact  with  the  elements 
of  water.  Sulphur  is  burned  with  the  aid  of  nitrate  of  potadi 
or  soda,  thus  yielding  a  mixture  of  sulphurous  acid  and  nitrous 
acid  gases.  These  gases  are  conducted  into  leaden  chambers 
along  with  atmospherical  air  and  steam,  the  bottom  of  the 
chambers  being  also  covered  with  water.  All  the  changes 
which  take  place  are  not  thoroughly  understood;  but  tnis 
much  is  certain,  that  the  sulphurous  acid  is  oxidised  at  the 
expense  of  the  nitrous  acid,  reducing  it  to  the  state  of  deu- 
toxide  of  nitrogen : 

2  S0a  +  N04=2  SO,  +  NO.. 

The  water  becomes  gradually  charged  with  oil  of  vitriol, 
and  the  deutoxide  of  nitrogen,  being  reconverted  into  nitrous 
acid  by  contact  with  the  oxygen  of  the  air,  again  yields  half 
its  oxyp;en  to  a  fresh  portion  of  sulphurous  acid ;  and  thus, 
for  an  mdefinite  period,  acts  as  a  carrier  of  oxygen  from  the 
air  to  the  sulphurous  acid.  In  this  way,  a  comparatively  small 
quantity  of  nitrate  is  required  for  a  lar^  quantit)r  of  sulphur. 

When  the  liquid  has  become  very  acid,  it  is  boiled  down  in 
platinum  or  glas8  vessels  until  it  acquires  the  Sp.  G.  1*845, 
when  it  begins  to  be  converted  into  vapour  itself,  all  the 
superfluous  water  being  now  driven  off.  The  remaining  liquid 
is  now  oil  of  vitriol. 

Oil  of  vitriol;  or  hydrated  sulphuric  acid,  is  an  oily  liquid, 
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aeailj  twice  as  heavy  as  water,  veiy  acid  and  cezroaiye;  char- 
nag  all  oiganic  matterB,  apparently  by  its  very  strong  attrac- 
tion for  water,  or  its  elements.  It  ireeses  at-'31%  and  boils 
at617<». 

The  oil  of  Titriol  prepared  at  Nordhaosen  and  other  places, 
by  the  old  process  of  distilling  partially  dried  green  vitriol 
(whence  its  name),  often  fames  on  exposure  to  the  air,  and  is 
called  Nordhansen  oil  of  vitriol,  or  faming  snlphnric  acid.  It 
ity  in  £gtct>  a  compound  of  1  eq.  anhydrous  acid,  and  1  eq.  of 
ooomon  or  bydrated  sulphuric  acid=HO,  2  SO^,  or  HO,  SO, 
+80,.  When  the  fuminff  acid  of  Nordhausen  is  distilled  at 
about  290*^,  anhydrous  add  distils  over,  and  bydrated  acid 
lenudns  behind.  Most  specimens  of  the  faming  acid  contain 
5  to  8  per  cent,  of  bydrated  acid,  in  excess  beyond  the  formula 
HO,  86,-1-80,. 

If  we  view  common  sulphuric  acid  as  a  hydrate  of  the  an- 
bTcbnous  acid,  then  we  have  several  hydrates  of  which  the 
foming  acid  is  one.  There  are,  Ist,  fuming  acid,  HO,  2  SO, ; 
8d,  common  acid,  HO,  SO,;  3d,  HO,  SO,  +  HO—SO, 
+2  HO  ;  4th,  HO,  SO,  +2  HO=SO,  +3  HO. 

The  third  hydrate  has  a  Sp.  O.  of  1'78,  and  at  39<>  crystal- 
lises in  large  regular  transparent  crystals.  Of  the  two  eqs.  of 
water  it  contains,  one  is  ^Mily  replaced  by  an  eq.  of  a  neutral 
alt ;  thus  HO,  SO,  +  HO  gives  rise  to  bisulpbate  of  potash 
(HO,  SO,  +K0,  SO  ),  when  the  2d  eq.  of  water  is  replaced 
ly  neatral  sulphate  of  potash.  The  first  eq.  of  water  can  only 
be  diiplaoed  by  an  eq.  of  a  base;  as  when  HO,  SO,  gives . 
nae  to  neutral  sulphate  of  potash,  KO,  SO,. 

The  ^h  hydrate  may  be  regarded  as  the  third  -f-  1  eq. 
water  of  crystallisation.  Its  Sp.  G.  is  1*632.  If  heated  to 
212«,  it  loses  water,  until  noUiing  remains  but  the  third 
hydrate. 

If  we  view  oil  of  vitriol,  HO,  SO,,  as  the  original  com- 
pound from  which  aU  the  others  are  derived,  then  the  fuming 
add  wiU  be  a  compound  of  1  eq.  of  it  with  1  eq.  of  anhydrous 
add,  and  the  other  two  hydrates  wiU  contain  1  eq.  oil  of 
vitriol,  with  1  and  2  e^.  of  water  respectively. 

The  attraction  of  oil  of  vitriol  for  water  is  very  strong;. 
When  &eae  liquids  are  mixed,  a  great  amount  of  heat  is 
developed,  depending  partly  on  the  eneiigetic  chemical  action, 
partly  on  the  condensation  which  takes  place ;  for  the  volume 
of  the  diluted  add,  after  cooling,  is  found  to  be  considerably 
len  than  that  of  the  add  and  water  before  mixture.  Qil  of 
ritriol  attracts  moisture  strongly  from  the  atmosphere,  becom- 
iag  rapidly  weaker  if  exposed.     This  property  is  maae  use  of 


98  SULPHURIC  acH). 

in  Leslie^s  in^enionfl  method  of  freezing  water  in  vacao  by  its 
own  eyaporaiion  ;  the  eyaporation  beitag  greatly  hastened  by 
the  presence  of  a  vessel  containing  oil  of  vitriol,  to  absorb  the 
vapour  as  fast  as  it  is  fonned.  In  chemical  researches,  where 
heat  is  to  be  avoided,  liquids  are  frequently  concentrated  by 
being  placed  either  in  vacuo,  or  simply  under  a  bell-jar,  along 
with  a  basin  of  this  acid.  Many  gases,  such  as  chlorine,  car- 
bonic acid,  &c.  &c.,  are  most  conveniently^  deprived  of  moia* 
ture  by  causing  them  to  pass  through  oil  of  vitriol,  which 
arrests  all  the  water  they  contain.  It  is  this  powerful  attrac- 
tion for  water  that  is  the  principal  cause  of  the  charring  or 
corrosion  of  organic  matters  by  this  acid.  When  wood,  for 
example,  is  charred  by  sulphuric  acid,  the  acid  is  found  to  have 
undeigone  no  farther  change,  except  that  it  is  more  diluted, 
having  combined  with  water,  the  elements  of  which  are 
derived  from  the  wood.  Now,  as  wood  may  be  represented 
as  carbon + water,  the  removal  of  water  is,  of  course^  accompa- 
nied by  a  separation  of  carbon. 

No  chemical  agent  is  applied  to  a  greater  number  of  pur- 
poses in  the  useral  arts  thim  sulphuric  acid ;  and  hence  its 
manufiicture  is  of  very  high  importance.  Since  the  introduc- 
tion and  improvement  of  the  process  now  followed,  the  price 
of  this  invaluable  product  has  been  diminished  to  a  trifling 
fraction  of  what  it  was ;  and  its  applications  have  in  conse- 
quence become  vastly  more  numerous  and  important.  These 
will  be  described  in  their  proper  places ;  but  it  may  here 
be  mentioned,  that  two  of  the  most  extensive  and  valuable 
chemical  manu&etures^  those  of  soda  from  sea-salt,  and  of 
bleaching-powdfer,  are  entirely  dependent  on  the  supply  of 
sulphuric  acid  at  a  low  price ;  and  that  not  only  these  manu- 
factures have  benefited  by  every  reduction  in  the  cost  of  making 
the  acid,  but  also  all  the  important  arts  to  which  soda  and 
bleaching-powder  are  essential ;  such  as  soap-making,  glass- 
making,  and  th^  cotton  and  calico-printing  trades. 

The  uses  of  this  acid  to  the  scientific  chemist  are  innu- 
merable ;  almost  every  page  of  chenucal  works  bears  evidence 
of  this.  In  medicine,  diluted  sulphuric  acid  is  used  as  a 
refrigerant,  and  care  should  be  taken  to  avoid  administering  it 
along  with  incompatible  substances,  such  as  all  bases,  and 
many  salts. 

The  commercial  acid  is  never  pure.  The  chief  impurities  are 
sulphate  of  lead,  derived  from  tne  lead  chambers ;  arsenic,  and 
occasionally  selenium,  derived  from  the  sulphur  ;  and  nitrous, 
or  hyponitrous  acid.  It  is  purified  by  distillation,  the  first 
portiens  being  rejected^  as  containing  the  nitrous  acid,    The 
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Operation  in  glass  Teasels  requires  canHan,  as  from  the  hig^ 
tempeiatnre,  and  the  tendency  of  the  add  to  boil  with  snccas- 
8ion8,the  retorts  ate  liable  to  be  broken.  The  danger  is  best 
avoided  by  introdncinff  into  the  retort  some  coils  of  platinnm 
wire,  and  heating  chiefly  from  above,  so  that  the  ebullition  may 
go  on  at  the  surface  chiefly.  ^ 

.  The  pore  distilled  acid  is  perfectly  colondess,  and,  when 
cold,  devoid  of  smell ;  it  ooght  also  to  be  entirely  dissipated 
when  heated  on  platinum,  leaving  no  residne. 

The  presence  of  solphnric  acid,  whether  free  or  combined,  is 
detected  in  solutions  by  the  characteristic  property  of  forming, 
with  any  soluble  compound  of  baiiom,  a  precipitate  of  sulphate 
of  baryta,  which  is  not  only  insoluble  in  wat^,  but  also  in  the 
strongest  acids. 

Witii  bases,  sulphnric  acidfonns  salts,  which  are  called  sul- 
phates. In  the  nentral  sulphates,  the  ws^r  of  the  oil  of  vitriol 
IS  replaced  by  its  equivalent  of  a  metallic  oxide ;  or,  if  we 
regard  oil  of  vitriol  as  a  hydrogen  acid,  then  in  the  neutral 
sulphates  the  hydrogen  is  replaced  by  its  equivalent  of  a  metal. 
Thus  we  have 

Ofl  of  Titriol  =  HO^  SO,,  or  H,  SO4,  and  a 
Neutial  sulphate  =:Mf),  SO,,  or  Bf^SO^. 

The  acid  in  the  neutral  sulphates,  as  may  be  seen  by  their 
formula,  contains  three  times  as  much  oxygen  as  the  base  by 
which  it  is  neutralised.  This  holds  true  also  in  the  sulphates 
of  sesquioxides,  the  formula  of  which  is  M,  0,,  3  S  O,,  or 
M9,  3  SO^.  The  acid  sulphates,  which  are  numerous,  contain 
twice  as  much  acid  as  the  neutral ;  thus  acid  sulphate,  or  bisul- 
phate  of  potash,  is  KO,  HO,  2  SO, ;  when  the  acid  contains 
six  times  as  much  oxygen  as  the  base. 

Hie  aflSnity  of  sulphuric  acid  for  most  bases  is  stronger  than 
that  of  all  other  acids.  In  a  red  heat,  phosphoric  and  bonunc 
acids,  being  j&xed  in  the  fire,  expel  sulphuric  acid  from  its  salts. 
In  solution,  sulfate  of  Ume  is  decomposed  by  oxalic  and 
raoemic  acids,  which  seize  the  lime ;  and  sulphate  of  potaah,  by 
tartaric,  racemic,  and  perchloric  acids,  which  combine  with  the 
potash.  In  other  drcumstances,  however,  the  sulphuric  acid 
appears  stronger  than  the  adds  just  mentioned ;  thos,  it  decom*' 
poses  phosphates  in  the  cold,  and  tartrates,  or  penchUHntes, 
with  the  aid  of  a  gentle  heat. 

Afany  sulphates  of  metallic  oxides,  when  eiqposed  to  a  red 
heat  along  with  charcoal,  or  in  a  cnxient  of  hydrogen  gas,  lose 
all  the  oxygen  they  contun,  and  are  changed  into  ralphurets  of 
the  metals.    When  chucoal  is  nsed,t^  oxyg«i  escapes  as 

h2 
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carbonic  oxide,  or  carbonic  acid  gas ;  when  hydrogen  is  em« 
ployed,  the  oxygen  is  given  off  as  water.  Thns,  MO,  80.  + 
C^  =  4C0  +  MS;  orMO,SO, -f  H^=4H0  +  MS. 

c  HjpotQlpharoitB  Acid.    89  0g=48'2€6. 

This  acid  is  unknown  i»  the  separate  state.  Its  salts  are 
formed  when  sulphur  is  boiled  with  a  solution  of  sulphite. 
Thus,  if  sulphite  of  soda  is  boiled  with  sulphur,  we  have 
Na  0,  SOy  +  S  =  NaO,  S,  0,.  The  salts  of  this  acid  are 
called  hyposulphites,  and  they  are  all,  except  the  hyposulphite 
of  baiyta,  easilv  soluble  in  water.  Hvposulphites  are  also 
formed  when  alkalies  are  fused  at  a  low  heat  with  sulphur,  and 
when  solutions  of  alkaline  sulphureis  are  exposed  to  tne  air  so 
as  to  be  slowly  oxidised. 

When  we  attempt  to  separate  hypoeulphurous  acid  from  any 
of  its  salts,  it  is  instantly  resolved  into  sulphurous  acid  and 
sulphur,  SOy  =  SO,+S.  When  oxidised  by  nitric  acid, 
the  hyposulphites  are  converted  into  bisulphates,  KO,  S,0,  + 
O  =K0,  2S0,. 

This  acid,  and  all  its  soluble  salts,  possess  the  remarkable 
property  of  dissolving  all  the  compounds  of  sUver,  even  the 
chloride,  which  is  insoluble  in  the  strongest  adds ;  and  the 
solution  thus  formed  has  a  very  intense  sweet  taste,  with  a 
metallic  after-taste.  This  property  has  been  made  available  in 
the  Daguerreot^me,  for  the  purpose  of  dissolving  the  sensitive 
coating  of  iodide  from  the  plate  of  silver,  after  exposure  to 
light,  and  thus  fixing  the  ima^e  already  formed.  For  this  pur- 
pose hyposulphite  of  soda  is  now  prepared  in  considerable 
quantily. 

d.   Hypoflulpliuric  Acid.    8^  0,  =  72-355. 

This  acid  is  formed,  along  with  sulphuric  acid,  when  sul- 
phurous acid  is  oxidised  by  means  of  peroxide  of  manganese ; 
380  +2MnO,  =  MnO,S,0. -fMn0,S0,.  Thesoln- 
tion  thus  obtained  is  decomposed  hy  baryta,  or  by  sulphuret  of 
barium,  by  which  the  manganese  is  separated  as  oxide  or  as 
sulphuret,  and  the  sulphuric  acid  as  ralphate  of  baiyta.  and 
hyposulphate  of  baryta,  a  soluble  salt,  is  obtained ;  Mn  0,  8, 
0,  -f  Ba8  =  BaO,8,0, +MnS;  and  MnO.  SO,  +  BaS 
=:BaO,  80,  +  MnS.  The  filtered  solution  is  then  mixed 
with  just  as  much  diluted  sulphuric  add  as  is  sufficient  to 
separate  the  baryta  as  the  insoluble  sulphate,  and  the  liquid 
now  contains  hyposulphuric  acid;  BaO,  8,  0,  -f  HO,  SO, 
=  BaO,80,  +  HO,S,0.. 

When  concentrated  by  evaporation  in  vacuo,  hyposulphuiic 


SULPHUB  AKD  OZTGEK.  101 

aoid  forms  a  syrap  liquid  of  a  yeiy  add  taste,  and  devoid  of 
smell.  When  heated,  it  yields  salphnioas  acid  gas,  -while  sul- 
phuric add  remains,  8, 0.  =  SO,  +  SO^.  Its  salts,  when 
Ignited,  give  off  sulphnrons  add,  wlule  snlpnates  remain ;  MO, 
s;o   =S0, +  MO^SO,. 

With  bases,  this  acid  forms  salts,  most  of  which  dystallise 
with  great  fetcility.    It  is  not  applied  to  any  naefol  purpose. 

e.  Sulphuretted  Hypomilphiinc  Acid.    S, O^  =  88475. 

Discovered  by  Langlois.  When  bisulphite  of  potash  is 
digested  along  with  snlphnr  and  water,  without  boiling,  a  salt 
is  gndnally  produced,  which  contains  this  new  add.  The  add 
may  be  isolated  by  means  of  perchloric  add,  which  removes  the 
potash.  It  forms  an  acid  liquid,  which  is  slowly  decomposed, 
and  when  heated  is  resolved  into  snlphnrons  add,  sdphnr,  and 
sal]^hnric  add ;  for  8,  O.  =  SO,  +  S  +  80  .  The  theoiy 
of  its  formation  is  not  yet  folly  nndentood,  and  the  add  itself 
is  as  yet  bat  little  known.  The  salt  which  it  forms  with  potash 
eiystallises  easUy,  and  when  heated  yields  snlphnrons  add, 
snlphnr,  and  sulphate  of  potash ;  KO,  8,  O^  =  80,  +  8  + 
KO,80,. 

f.  Btsnlphiiretted  Hypofulphiiric  Add.    S^  0«  =  104-595. 

Discovered  by  Fordos  and  Gelis.  When  iodine  is  dissolved 
in  the  solution  of  a  hyposulphite,  as  hyposulphite  of  soda  or 
baryta,  the  following  ch^ige  takes  place : 

2  (B«0,  Ss O,)  +  I  =  Ba  I  +  N»0,8^  O,. 

Here  2  eq.  of  hjrposulphite  of  baiyta  and  1  eq.  of  iodine  yield 
1  eq.  of  iodide  of  barium  and  1  eq.  of  the  baryta  salt  of  the 
new  add.  Alcohol  dissolves  the  former,  and  leayes  the  latter 
pure.  By  the  cautious  addition  of  diluted  sulphuric  add,  the 
Duyta  is  predpitated,  and  the  new  add  is  obtained  dissolved 
in  water.  It  resembles  the  two  preceding  adds,  and,  like  the 
last,  it  is  resolved,  when  heated,  into  sulphurous  add,  sulphur, 
and  sulphuric  add,  8^  O.  =  80,  +  8  +  80,.  Here  the 
quantity  of  sulphur  separated  is  euctly  double  of  that  yielded 
by  the  add  last  described. 

The  salts  of  this  add  ciystallise,  and  when  heated  yield  1  eq. 
oi  sulphurous  add,  2  eqs.  of  sulphur,  and  1  eq.  of  sulphuric 
acid ;  MO.  S^  O.  =  SO,  -h  8,  +  MO,  80,. 

The  following  table  exhibits  the  composition  of  the  com- 
pounds of  sulphur  and  oxygen  above  descrihed,  with  their 
^rmul»,  and  those  of  their  neutral  nits,  according  to  the  older 
and  newer  views  of  the  constitution  of  acids. 
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Oldtf  View. 

New  View. 

1 

Adds. 

Salts. 

Adds. 

Salts. 

Sulphurous  Acid  . 
Sulphuric  Add         .     . 
Hypwulphmrout  Add  . 
Hypofiulphuric  Acid. .  . 
Acid-ofLungiois  . 
1   AtidofFoidot«adG«lu 

H0,8  Oa 
HO, 8  O, 
HO,  8,0, 
HO,  8.0, 
H  0,830, 
HO,S^0, 

M0,S  Og 
MO, 8  0, 
M  0,3.0, 
M0,S,03 
MO,  8,0, 
MO,S^O, 

H,S  0, 
H,SO^ 
H,S.O, 
H,8,0. 
H,S,0, 
H,S^O. 

M,S  0, 
M,S  O4 
M,S,03 
M,S,Oe 
M,S,0. 
M.S^O. 

Now,  when  we  reflect  that  all  the  salts  in  the  above  table, 
although  oontaining  only  1  eq.  of  metal  or  of  base,  are  nentral, 
while  the  acids,  according  to  the  older  view,  and  considered  as 
oxygen  componnds,  contain  different  proportions  of  oxygen,  we 
can  hardly  hesitate  to  prefer  the  newer  view,  according  to 
which  all  true  acids  are  hydrogen  componnds,  and  their  capa- 
city of  saturation,  or  power  of  neutralising  bases,  depends,  not 
on  the  oxyffen  they  contain,  but  on  the  amount  of  hydrogen 
veplaoeable  oy  metals,  which,  in  all  these  acids,  is  1  equivalent. 
This  at  once  accounts  for  the  fact  that  acids  so  different  in 
composition  should  all  form  neutral  salts  with  the  same  (quan- 
tity of  base.  The  difference  lies  in  the  compound  radicals, 
which,  according  to  this  theory,  are  united  with  hydrogen  in 
the  acids,  and  the  composition  of  which  may  vary  ad  inflnUum 
without  affecting  the  neutralising  power,  provided  the  replace- 
able hvdrogen  continue  unaltered.  lu  fact,  an  acid  has  been 
described  by  H^^nault  in  which  1  eq.  of  chlorine  is  added  to 
the  radical  of  smphurous  acid ;  and  another  by  Pelouze,  in 
which  1  eq.  of  hyponitrous  acid  is  added  to  the  same  radical, 
"without  affecting  the  power  of  neutralisation. 

If  we  take  the  radical  of  sulphurous  acid  as  the  first 
member  of  the  scries,  aJl  ihe  above  acids  may  be  thus  repre- 
sented : — 


Sulphurous  Add  .       . .  H  + 

Sulphuric  Acid.         .     .  H  + 

Hypoeulphwous  Add    .  H  + 

Hyposulphuric  Add       .  H  + 

Add  of  liangloiia  .        .  H  + 

AcidofFordoaandGeliB  H  + 

Chlorosulphnric  Add    .  H  + 

Nitioaulphuric  Add  .    .  H  -♦• 


SO3 

(SO,  +  O) 
(80,  +  8) 
(80,  +  SO,) 
(SO,  +  80,  -h  8) 
(80,  +  SO,  +  8,) 
(SO,  +  CI) 
(SO,  +  NOg) 


Here  we  see  that  the  addition  to  the  radical  80^  of  oxygen, 
of  sulphur,  of  its  own  elements  SO 3,  of  the  same  with  sulphur, 
of  chlorine,  or  of  hyponitrous  acid,  does  not  affect  the  neutral- 
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mag  power,  that  being  dependent  on  the  amoant  of  replaceable 
hjdn^n,  which  is  the  same  in  all. 

I  have  here  entered  into  some  detail  on  the  subject  of 
the  true  constitution  of  acids,  because  the  acids  of  sulphur 
fonn  an  admirable  illustration  of  the  superior  simplicity  oi  the 
new  Tiew  of  acids  and  salts,  according  to  which,  an  acid  may 
be  defined  as, — ^A  compound  of  hydrogen  with  a  radical, 
nn^le  or  compound,  m  which  the  hydrogen  may  be  replaced 
by  its  equivalent  of  metal :  while  a  salt  is, — A  combination  of 
a  simple  or  compound  radical  with  a  metal :  the  different 
alts  of  one  metal  coirespbnding  With  the  oxides  of  the  same 
metal. 

It  is  obvious  that  even  when  a  chemical  combination  or 
change  is  represented  in  a  formula  according  to  the  old  view, 
as  is  the  case  in  almost  all  existing  works,  we  can  easily 
tiinspoee  the  formula  so  as  to  express  the  new  view.  Thusj 
solphate  of  potash,  on  the  old  view,  is  KO,  SO,  ;  on  the 
new  it  is  K,  80^  ;  or  if  we  express  the  action  of  iron  on  sul- 
phuric acid,  on  the  former  view,  by  Fe  +  HO,  SO,  =  U 
i-  Fe  O,  S  O,  it  is  more  simple  on  the  latter,  Fe  +  H,  SO , 
=  H-|-Fe,SO  . 

While,  therefore,  in  order  to  avoid  confusion,  I  shall  gene- 
nlly  use,  in  equations,  the  older  formula  for  acids  and  salts, 
I  ghall  give  the  new  formula  for  the.  principal  acids,  as  Ihave 
done  for  sulphuric  and  nitric  acids,  so  that  the  student  may,  if 
he  please,  convert  the  equations  into  the  new  form. 

SULPBUR  AND   HYDROGEN, 
t.  Sulphuretted  Hjdrogen.     H S  » 1 7*  1 2. 

Stn.  Ifydrosulphuric  Acid. — This  compound  is  formed 
whoi  hydiogen  and  sulphur  come  in  contact  in  the  nascent 
state.  It  is  best  prepared  bv  causing  diluted  hydrochloric  or 
sulphuric  add  to  act  on  8ulph9ret  of  iron  in  the  apparatus^ 
p.  49,  when  sulphuretted  hydrogen  is  disengaged  as  a  gas, 
which  may  be  collected  over  warm  water^  or  solution  of  salt. 
The  action  is  as  follows :  Fe  S  +  H  Cl=  Fe  Cl+HS. 

Snl^uretted  hydrogen  is  a  gas,  ttaa^Murent  and  colourless, 
having  a  veiy  offensive  and  peculiar  smell,  which  is  well 
known  as  that  of  pfltrid  eggs.  It  is  liquefied  by  a  pressure  of 
17  atmospheres.  When  respired,  even  altibough  much  diluted 
with  air,  it  is  highly  deleterious,  and  as  it  is  often  formed 
where  animal  matters  or  excrements  putrefy,  as  in  burying- 
vaults  and  eloacss,  it  not  nnfrequenily  canses  the  death  of 
woikmen  who  suddenly  come  in  conWt  with  it.    The  smeU 
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of  the  gas  ought,  in  all  cases,  to  be  viewed  as  a  warning  of 
danger.  The  presence  of  the  gas  may  also  be  seoonused  by  its 
power  of  blackemng  the  salts  of  lead,  owing  to  me  foimation 
of  the  black  sulphuret  of  lead. 

This  gas  is  combustible,  burning  with  a  bluish  flame,  and 
producing  sulphurous  acid  gas  and  water.  Its  Sp.  G.  is  1*177. 
Water  absorbs  2  or  3  times  its  volume  of  the  gas,  and  aeonirea 
its  smell  and  a  nauseous  sweetish  taste.  By  contact  wiu  the 
air,  the  solution  is  gradually  decomposed :  water  is  formed 
and  sulphur  deposited.  Sulphuretted  hydrogen  water  must, 
therefore,  be  kept  in  small  phials,  quite  full  and  closely  stopfHsd. 

Sulphuretted  hydrogen  has  the  properties  of  a  weak  acid  ; 
it  reddens  litmus  feebly,  and  acts  on  bases,  forming  with  them 
water  and  metallic sulphurets  :  HS  +  MO  =  HO  +  MS.  As 
the  sulphurets  of  some  metals  are  soluble  while  those  of  others 
are  insoluble ;  as  moreover  the  oxides  of  some  of  the  latter  are 
not  decomposed  by  sulphuretted  hydrojs^en  when  dissolved  in 
an  acid,  the  action  of  this  gas  on  solutions  of  metals  in  adds 
affords  us  a  great  deal  of  infoimstion,  according  as  a  precipi- 
tate of  sulphuret  is  formed  or  not,  the  colour,  of  the  j[nrecipitate 
bein^  also  frequently  characteristic,  as  will  be  described  under 
the  individual  metals :  this  renders  sulphuretted  hydrogen  a 
most  useful  re-agent  in  detecting  and  separating  from  each 
other  metallic  compounds. 

Mineral  waters  ezist^as  at  Harrogate,  which  contain  sul- 
phuretted hydrogen,  easily  recognised  by  its  smell  and  by  the 
property  ot  blackening  we  salts  of  lead,  silver,  and  several 
other  metals.  The  fps  in  these  waters  arises  from  the  slow  and 
continued  putrefaction  of  vegetable  matters  containing  sulphur, 
such  as  albumen,  fibrine,  &c.  These  sulphureous  watera  are 
used  in  medicine,  boUi  internally  and  extemall^r  (as  baths), 
with  great  advantage.  In  many  cases  the  artificial  sulphur- 
etted hydrogen  water,  formed  by  passing  the  gas  throng^ 
water,  previously  boiled  and  allowed  to  cool,  may  be  silbsu- 
tnted  for  them. 

b.  Perralphuretted  Hydrogen.    HS^  ?  or  HSg  ? 

This  compound  is  formed  when  alkalies,  such  as  potash  or 
lime,  are  boiled  with  excess  of  sulphur,  and  the  solution,  which 
is  of  a  deep  yellow  or  oraiu;e  cdour,  is  ])oured  into  a  large 
excess  of  moderately  strong  hydrochloric  acid,  made  by  mixing 

XJ  fMurts  of  concentrated  acid  and  water.  A  heavy,  some* 
^  t  viscid,  transparent,  yellowish  liquid  falls  to  the  bottom, 
which  is  the. compound  in  question.  The  precise  nature  of  all 
the  changes  which  take  place  in  this  process  is  not  known  ; 
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bat  it  ia  probeble  that  a  peranlphnrei  of  the  metal  is  fonned  in 
the  first  stage,  such  as  penralphnret  of  potaasifim  KS.  ;  and 
tliat  a  hjposalphite  is  generated  at  the  same  time,  posaiUy 
according  to  the fonnvk  3 KO  +  S  :=KO,S,  0  +2KS  . 
In  the  second  stage,  we  have  prolMhly  KS.  -f  HC1  =  KC1 
-hH8^.  But  as  tl^  composition  of  persolphuretted  hydrogen 
18  not  precisely  determined,  and  as  the  persnlphtiret  appears 
to  dissolve  an  excess  of  snlphnr,  we  cannot  be  certain  that  this 
is  the  tme  explanation.  Th^ard  considers  pemdphnietted 
hydrogexk  H8„  and  to  be  analogous  to  the  peroxide  of  hydro- 
gen iw, .  But  his  own  analysis  alwm  gave  fai  more  solphnr 
Uian  corresponds  to  his  formnla,  and  the  analogy  he  pointed 
out  is  very  obscoie  and  doabtfol. 

Persnlphuretted  hydrogen  soon  nndeigoes  montaneoos  de- 
composition, even  if  kept  in  sealed  tnbesy  reaolTing  itsdf  into 
snlpnor  and  snlphnretted  hydrogen.  In  a  strong  sealed  tube, 
the  snlphnretted  hydn^n,  by  its  own  pressure,  is  Hqaefied, 
and  floats  above  the  snlphnr,  which  is  deposited  in  transparent 
ciystala.  Persolphnretted  hydrogen  seems  to  have  feeble  add 
properties.  In  contact  vnth  alkaJdes,  it  reproduces  water  and 
the  metallic  penulphuret.    HS.  -f  a:0  =  HO  -f  KS^ . 

SULPHUR  AND  NITBOOSM. 
Snlphaivt  of  Nitrogen.     NS,  =  62-61. 

When  chloride  of  sulphur,  SCL  acts  on  dry  ammonia,  NH^, 
a  compound  is  formed,  SCI,  2  NH,.  By  tne  action  of  water 
on  this  there  is  formed,  among  other  products,  a  greenish 
yellow  solid  body,  which  is  sulphuret  or  nitrogen  No,.  By 
contact  with  water,  it  is  graduaUV  converted  into  hyposulphu- 
rous  acid  and  ammonia :  for  2  N  S,  +  6  H  O  =  2  Nfl,  + 
3  S^  0,.— (Soubeiran;). 

When  aqua  ammonia  acts  on  chloride  of  sulphur,  a  variehr 
of  products  are  formed,  among  which  is  one,  a  white  crystal- 
Usable  solid,  soluble  in  alc^ol,  which  appears  to  consist 
chiefly  of  sulphur  and  nitrogen.  Its  nature  a  not  yet  ascer- 
tuned,  but  it  is  distinguished  by  the  property  of  dissolving  in 
an  alcoholic  solution  of  potash  with  a  deep  purple  colour, 
which  soon  disappears,  while  ammonia  is  given  off,  and  crys- 
tals of  hyposulpliite  of  potash  are  deposited. — (W.  O.J 

SULFBUa  AND  AMMONIUlf. 

A.  Protofulphuret  of  Amnummm.    N H^  S  =  Am  8  =  34*27. 

Syn.  Hydroiuiphitret  cf  Ammonia, — This  compound  is 
formed  when  1  voLof  diyammoniacal  gas  is  mixed  with  ^  voL 
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of  sulphnreited  hydrogen,  NH,  +  HS  s=  NH,,  8.  It  is  beet 
obtained  by  distiUinff  a  mixtnre  of  chloride  of  anunoninm  (sal 
ammoniac)  and  snljmnTet  of  bariom,  or  of  calcium.  BaS  + 
N  H«,  Ci  =  Ba  CI  +  NH^,  S.  It  forms  coloorless  ciystals, 
which  are  volatile,  and  dissolve  readily  in  water.  The  solation 
becomes  yellow  by  the  gradual  action  of  the  atmospheric 
oxygen ;  it  smeUs  of  sulphuretted  hydrogen  and  ammonia ; 
and  in  &ct  this  solution  may  be  more  conveniently  prepared 
by  takinff  two  equal  portions  of  aqua  ammoniSy  ana  saturating 
one  of  them  completely  with  sulphuretted  hydrogen.  This 
produces,  first,  sufphuret  of  ammonium,  and  then  a  compound 
of  that  body  with  sulphuretted  hydrog^i,  NH^,S+  HS. 
The  other  half  of  the  aqua  ammonies  is  then  added,  and  we 
have  (NH„  S  +  HS)  +  NH,  =  2  (NH,,  S). 

Sulphuret  of  ammonium,  or  hydrosulphnret  of  ammonia,  as 
it  is  called,  is  very  much  used  as  a  test  and  re-agent  in  detecting 
and  separating  metals.  It  converts  into  sulphurets  many  ozidea 
on  which  sulphuretted  hydiY)gen  does  not  act,  and  it  also  dis- 
solves many  metallic  sulphurets. 

The  compound  above  mentioned,  which  is  formed  when 
ammonia  is  completely  saturated  with  sulphuretted  hydrogen, 
N  H^,  S  -f-  HS,  possesses  veiy  nearly  the  same  properties,  and 
may  be  used  for  the  same  purposes.  It  may  be  called  the 
hydrosulphuret  of  sulphuret  of  ammonium. 

Both  the  preceding  compounds,  when  pure,  are  colourless ; 
and  their  solution,  mixed  with  acids,  gives  off  sulphuretted 
hydrogen,  without  the  deposition  of  sulphur.  By  keeping, 
however,  they  become  yellow,  and  acids  cause  a  precipitation 
of  sulphur.  This  is  owing  to  the  formation  of  persulphuret  of 
ammonium. 

b.  Persulphuret  of  Ammoninm. 

This  compound  is  formed  when  either  of  the  preceding  is 
digested  with  sulphur.  There  seem  to  be  several  sulphurets  of 
ammonium,  as  of  potassium  (which  see),  containing  from  2  to  5 
eqs.  sulphur.  When  N  H ,, S  is  exposed  to  the  air,  we  may  sup- 
pose the  ammonium  of  1  eq.  to  be  oxidised  (as  is  the  case  with 
potassium)  and  to  be  converted  into  free  ammonia,  NH^,  0=: 
N  H3 ,  HO,  while  the  sulphur  of  that  equivalent  unites  with  the 
other,  forming  NH^jS,.  When  the  compound  NH  ,8,  +  HS 
is  exposed  to  the  air,  it  is  tiie  hydrogen  of  the  sulphuretted 
hydrogen  which  is  oxidised,  while  its  sulphur  forms  the  bisul- 
phuret  of  ammonium.  When  sulphur  is  digested  with  either  of 
the  preceding  compounds,  different  persulphurets  of  ammonium 
are  probably  formed ;  and  where  the  su^hur  is  in  exoesa,  it 
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yields,  in  all  probability^  the  compoiind  NH^,  8,,  analogous 
to  pennlphuret  of  potaaBiom,  K8^. 

AH  the  yellow  snlphnrets  of  ammonium  have  the  same  nsefnl 
properties  as  the  protosnlphnret  in  relation  to  metallic  com- 
pounds,  and  some  of  them  dissolve  certain  metallic  snlphnrets 
still  more  readily.  The  persulphnret  of  ammonium  or  sulphu- 
retted hydrosulphmret  of  ammonia,  as  it  is  sometimes  called,  is. 
therefore,  very  much  used  in  analysis.  It  is  distinguishea 
from  the  protosulphuret  by  the  action  of  acids,  which  cause  a 
precipitate  of  sulphur,  and  by  its  yellow  or  orange  colour.  The 
solution  of  protosulphuret  of  ammonium,  when  kept,  becomes 
jiradually  yellow,  from  the  formation  of  persulphnret ;  so  that, 
m  fact,  the  latter  is  always  present  in  tne  usual  forms  of  this 
valuable  re-agent. 

Snlphuret  of  ammonium,  under  the  name  of  hydrosulphuret 
of  ammonia,  is  used  in  medicine.  It  ought  to  be  given  alone, 
in  pure  water,  as  it  is  decomposed  by  most  acids  or  salts.  The 
persulphnret  has  lone  been  known  as  Boyle's  faming  liquor, 
which  was  obtained  by  distilling  3  parts  of  slaked  lime,  2  of 
sal-ammoniac,  and  1  of  sulphur,  into  a  receiver  containing  3 
parts  of  water.  Thus  preparcnd,  it  was  an  orange-coloured 
liquid,  of  oily  consistence,  fuming  in  the  air,  and  having  a  veiy' 
offensive  sulphurous  smell.  This  preparation^  however,  contains 
variable  proportions  of  free  ammonia. 

SULPHUR  AND  CHLORINE. 

a.  Dichloridc  of  sulplmr.     8^01  =  67*71. 

Formed  when  chlorine  is  passed  through  a  vessel  containing 
flowers  of  sulphur,  until  nearly  the  whole  sulphur  has  disap- 
peared. The  liquid  formed  is  then  purified  hy  distillation, 
it  is  a  reddish  brown,  fuming,  pungent  liquid,  boiling  at  380**. 
The  8p.  G.  of  the  liquid  is  1*687  ;  that  of  the  vapour  is  4*70. 
It  is  decomposed  by  water,  yielding  hydrochloric  acid,  hypo- 
sulphurous  acid,  and  sulphur. 

b.  Protochloride  of  sulpbnr.    8  01  =  51*59. 

When  an  excess  of  chlorine  is  passed  through  the  preceding 
compound,  and  the  liquid  is  repeatedly  distilled  at  about  140"*, 
the  protocnloride  is  obtained  pure.  It  is  a  deep  reddish  brown 
liquid,  which  boils  at  147'.  Its  Sp.  G.  is  1*62 ;  that  of  its 
vapour,  3*68.  When  acted  on  by  water,  it  yields  hydrochloric 
acid  and  hjrposulphurous  acids,  the  latter  being  soon  spon- 
taneonisly  decomposed,  2SCI-h8HO=:2HCl  -f-^,  0,. 
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SmiPHUB  AND  BROUINB. 

Bromine  combines  readily  with  sulphnr,  and  produces  com- 
pounds analogous  to  the  preceding. 

BULPHUa  AND  IODINE. 

When  1  part  of  sulphur  and  8  of  iodine  are  mixed  and  gentlj 
heated,  they  immediately  combine  and  liquefy.  On  cooling,  the 
liquid,  which  is  dark  brown,  consolidates  into  a  black  ciystaJline 
solid,  which  is  the  iodide  of  sulphur.  It  must  be  kept  in  well- 
closed  bottles,  as  it  is  destroyed  by  the  access  of  air,  iodine 
being  eiven  off.  Its  composition  is  probably  S  I.  It  is  used  in 
medicme  as  a  remedy  in  various  cutaneous  diseases. 

No  compound  of  sulphur  and  fluorine  is  yet  known. 
9.  Sklxnium.    Se  =  39-6. 

This  element  occurs  in  very  small  quantity,  chiefly  in  certain 
varieties  of  pyrites,  the  sulpnur  from  which,  when  converted 
into  sulphuric  acid,  leaves  in  the  chambers  a  deposit,  consisting 
of 'sulphur,  selenium,  and  some  metals;  and  from  this  the 
selenium  is  obtained.  Some  kinds  of  fuming  sulphuric  acid 
contain  a  little  selenium,  which  separates  on  the  addition  of 
water  as  a  red  powder.  Different  processes  are  employed  for 
extracting  selenium  fr'om  the  deposit  above  mentioned  ;  out  the 
essential  parts  are,  oxidising  and  dissolving  the  selenium  by 
means  of  aqua  regia,  separating  the  dissolved  metals  by  sulphur- 
etted hydrogen,  &c.,  and  ^ju&y  deoxidising  the  selenions  acid 
by  means  of  sulphite  of  ammonia  and  hydrochloric  add. 

When  precipitated,  selenium  appears  as  a  red  powder,  which, 
when  heated,  melts,  and  on  cooling  forms  a  brittle  mass,  nearly 
black,  but  transmittinff  red  light  in  thin  plates.  When  more 
strongly  heated  it  volatilises,  yielding  a  yellow  gas,  which 
condenses  into  a  crystalline  dark  red  powder  on  a  cold  surface. 

Selenium  is  extremely  analogous  to  sulphur,  except  in  colour ; 
and  this  analogy  is  still  more  staking  in  its  combinations.  When 
heated  in  the  air  it  takes  fire,  burns  wiUi  a  blue  flame,  and 
produces  a  gaseous  compound,  oxide  of  selenium,  Se  0,  which 
has  a  most  penetrating  and  characteristic  odour  of  putrid  horse- 
radish. By  this  charact^  selenium  is  easily  reoogmsed  in 
minerals  containing  it,  before  the  blowpipe. 

SBLENIUM  AND  OXYGEN. 

These  elements  combine  in  three  proportions — 
ft.  Oxide  of  Seleninm.     SeO  =  47'613. 
This  compound  has  been  already  mentioned.    It  is  formed 
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when  selemimi  Imxns,  and  \b  KueooB ;  ii  is  not  acid,  and  has 
no  analogy  with  any  of  the  oxi<K8  of  solphnr. 

b.  Selenioua  Add.    Be  O^  =  55*626. 

This  acid  is  fonned  when  selenium  is  dissolved  in  nitric  acid, 
and  the  solntion  evaporated  to  dryness.  It  is  a  solid  which, 
when  heated,  is  converted  into  a  yellow  ^,  condensing  again 
into  adcular  crystals.  It  is  very  soluble  in  water,  and  has  an 
add  taste.  In  composition  it  corresponds  to  snlphnrons  add. 
This  latter  add  and  its  salts  deprive  selenions  add  and  its  salts 
of  oi^gen,  causing  the  selenium  to  be  deposited  in  the  uncom- 
bined  state. 

c.  Selenic  Aod.    HO,  Se  Os=H,Se  04=72-652. 

This  add  is  formed  when  selenium  is  oxidised  hv  fusion  with 
nitre.  Hie  fused  mass  is  dissolved  in  water,  and  the  selenic 
add  predpitated  as  seleniate  of  lead  by  adding  a  salt  of  lead. 
The  seleniate  of  lead  is  decomposed  hy  sulphuretted  hydrogen, 
and  the  filtered  solution  of  selenic  add  cautiously  evaporatea 
till  it  has  tiie  Sp.  G.  2-626.  It  is  now  hydrated  selenic  add, 
H  O,  Se  O. ,  or  rather  H,  Se  0^.  It  is  verv  add  and  corrosive, 
and  resembles  sulphuric  add  very  much.  It  may  be  recognised 
by  the  action  of  hydrochloric  acid,  which  reduces  it  to  selenions 
add,  chlorine  bemg  set  free.  Selenic  add  is  not  decomposed 
by  sulphurous  add  (as  selenions  add  is),  or  by  sulphuretted 
hydrogen.    It  produces  intense  heat  when  mixed  with  water. 

WiUi  bases,  for  which  it  has  great  affinity,  selenic  acid  fonns 
salts,  called  seleniates,  which  are  isomorphous  with  the  cones- 
ponding  sulphates,  and  entirely  resemble  them  in  external 
characters. 

SXLXNIUM  AND  HTDROOBN. 
^     Seleninretted  Hydrogen.     H  Se  =  40*6. 

Syn.  HydroBelmte  add. — Tbis  compound  is  obtained,  like 
sulphuretted  hydrogen,  which  it  much  resembles,  by  the  action 
of  acids  on  metallic  aeleniurets.    MSe  +  H  CI  =  AlCl  +  H  Se. 

It  is  a  colourless  gas,  which  is  combustible,  and  when 
burned  gives  off  the  cmuracteristic  odour  of  oxide  of  selenium. 
Seleninretted  hydrogen  itself  has  a  smell  resembling  tbat  of  sul- 
phuretted hydrogen,  and  when  respired  is  even  more  poisonous 
than  that  gas.  A  small  bubble  of  it  produces  much  and  painful 
irritation  of  the  mucous  membrane  of  the  nose  and  eyes ;  and  if 
it  reaches  the  bronchi,  exdtes  severe  cough,  in  addition  to  its 
poisonous  action  if  absorbed  into  the  blood.  The  presence  of 
a  small  quantity  of  it  in  sulphuretted  hydrosen  seems  to  exalt 
the  poisonous  energy  of  the  latter.  Like  sulphuretted  hydrogen, 
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this  ^  is  absorbed  by  water,  and  precipitates  most  metallur 
solutions,  yielding  seleniurets  corresponding  to  the  respectiTe 
oxides.  Most  of  these  seleniurets  are  black  or  dark  brown ;  but 
those  of  zinc,  manganese,  and  cerium,  are  flesh  red. 

Nothing  is  known  of  the  compounds  of  selenium  with  nitro- 
gen. With  ammonia  it  is  probable  that  seleniuretted  hvdrch 
gen  forms  seleniuret  of  ammonium,  NH.,  Se,  and  hyarc»e- 
leniuret  of  seleniuret  of  ammonium,  NH^,  Se4-H  Se.— 
(Bineau.) 

Chloride  of  selenium  appears  to  be  analogous  to  chloride  of 
sulphur  ;  and  the  same  may  be  said  of  the  bromide  and  iodide. 

10.  Phosphorus.    P=rl5-7. 

This  element  occurs  abundantly  in  the  bones  of  animals,  in 
combination  with  oxygen  and  metals,  as  phosphate  of  lim^ 
phosphate  of  magnesia,  &c.  It  is  also  an  ingredient  in  some 
unknown  form  of  combination,  of  vegetable  and  animal  fibrine 
and  albumen,  and  is  constantly  present  in  the  urine  and  excre- 
ments. In  the  mineral  kingdom  it  occurs  as  phosphate  of  lime 
(apatite),  phosphate  of  alumina  (wavellite),  phosphates  of  lead, 
copper,  &c. 

To  obtain  phosphorus  pure,  10  parts  of  burnt  bones  are 
mixed  with  30  or  ^  parts  of  water,  and  6  parts  of  oil  of  vitriol 
gradually  added.  Aner  24  hours,  50  or  60  parts  of  water  are 
added  to  the  mixture,  and  tiie  whole  well  stirred  and  digested 
for  a  day  or  two.  The  strained  liquid  is  evaporated  to  the 
consistence  of  thick  syrup,  and  is  then  acid  phosphate  of  lime. 
It  is  now  mixed  with  -^  of  its  weight  of  powdered  charcoal, 
dried  up,  and  gently  ignited.    The  mass  is  then  gradually 

heated  to  whiteness  in  a 
stoneware  or  iron  retort^ 
the  neck  of  which  ends  in 
a  wide  bent  tube,  which 
dips  a  little  under  water. 
Half  of  the  phosphoric 
acid  in  the  acid  phosphate 
of  lime  is  deoxidised  by 
the  charcoal,  and  phos- 

Shorus  is  set  free,  which 
istils  over,  and  condenses 
under  the  water.  Ovnng 
to  the  presence  of  water 
in  the  mass,  piurt  of  the 
phosphorus  is  disengaged 
in  combination  with  hydrogen,  forming  a  ^ntaneoosly  com- 
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biuitible  gas*  Care  must  therefore  be  taken  to  avoid  explosions. 
The  action  of  the  charcoal  on  the  phosphoric  acid  is  thus  repre- 
sented—P  0,+C  =  6C0-f  P,.  Carbonic  oxide  gas,  CO,  is 
therefore  aisengagea  in  large  quantity. 

The  phosphorus  is  now  to  be  melted  under  water,  and 
squeezed  through  chamois  leather,  which  separates  impurities. 
It  is  lastly  melted  under  water,  in  funnels  with  long  cylindrical 
necks,  stopped  below.  Into  tiie  necks  of  the  funnels  the  phos- 
phorus runs,  and  when  cold  may  be  pushed  out  in  the  iorm  of 
solid  cylinders. 

Pure  phosphorus  is  a  colourless,  or  very  pale,  yellowish, 
transparent,  or  translucent  solid,  of  the  consistence  of  wax. 
Its  Sp.  G.  is  1-77.  At  113«»  it  melts,  and  at  672"  it  boils,  dis- 
tilling completely  in  close  vessels.  It  has,  in  the  solid  form, 
neither  taste  nor  smell ;  but  it  gives  off  vapours  in  the  air, 
which,  undei^^oing  a  slow  comhustion,  have  an  odour  of  garlic  ; 
and  in  solution  it  has  an  acrid  disagreeable  taste.  Phos- 
phorus is  insoluble  in  water,  solubfe  in  alcohol,  ether,  oils, 
sulphuret  of  carbon,  and  chloride  of  phosphorus.  From  the 
latter  liquids  it  is  often  deposited  in  octahedral  and  dodecahe- 
dial  crystals.  It  is  vexy  poisonous,  but  is  used  in  medicine  in 
very  small  doses. 

When  kept  in  vessels  exposed  to  li^ht,  phosphorus  becomes 
yellow,  or  even  brown,  externally,  owing  to  some  unexplained 
change.  It  must  always  be  kept  under  water,  and  never  taken 
into  the  fingers,  for  it  is  so  combustible  as  occasionally  to  take 
fire  from  contact  with  the  warm  hand,  where,  as  it  melts  and 
continues  to  bum,  it  inflicts  frightful  injuries. 

When  heated  in  air,  phosphorus  takes  fire,  and  bums  with  a 
bright  light,  producing  much  white  smoke,  which  is  anhydrous 
phosphoric  acid,  P^O^ .  When  heated  in  oxygen,  it  hums  with 
a  lisht  so  dazzling  that  the  eye  cannot  endure  it.  In  contact 
wi£  chlorine,  hromine,  or  iodme,  without  the  aid  of  heat,  com- 
bustion takes  place  spontaneously,  while  the  phosphoms  com- 
bines with  these  metalloids. 

PHOSPHORUS   AND   OXYGEN. 

Phosphoms  combines  very  readily  with  oxygen.  Even  at 
the  or(unary  temperature  it  undergoes  a  slow  combustion  in 
air,  giving  out  vapours,  which  are  luminous  in  the  dark.  It  fre- 
quently  l^ppens  that  the  heat  developed  by  this  slow  com- 
bustion gradually  reaches  the  point  at  which  the  phosphoms 
takes  fire  ;  hence  the  spontaneous  combustion  of  phosphoms, 
if  left  exposed  to  the  air,  and  the  necessity  of  keeping  it  under 
water.    Many  powders,  such  as  powder  of  platinum,  charcoal, 
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lamp-black,  &c.,  when  sprinkled  on  dry  phosphonu,  caxue  it 
to  take  fire  ;  no  donbt  because  these  powders  absorb  and  con- 
dense oxygen  in  their  pores,  and  thus  bring  it  into  close  contact 
with  the  phosphorus. 

Many  oifferent  kinds  of  instantaneous  lights  are  made  with 
phosphorus,  owing  to  its  ready  combustibility  by  friction,  espe- 
cially when  chlorate  of  potash  is  used. 

We  are  acquainted  with  four  compounds  of  phosphorus  and 
oxygen. 

a.  Oxide  of  Phosphonu.     P,0=:55*l  1 3. 

This  oxide  is  obtained  by  causing  a  current  of  oxygen  to 
come  in  contact  with  phosphorus  under  boUing  water.  Com- 
bustion takes  place,  and  some  phosphoric  acid  Ib  formed  ;  but 
a  nart  of  the  phosphorus  forms  an  insoluble  cinnabar  red  powder, 
wnich  is  oxide  of  phosphorus,  P.O. 

It  bums,  if  heated  nearly  to  redness,  in  the  air  ;  if  heated  in 
close  vessels,  it  is  resolv^  into  phosphorus  and  phosphoric 
acid,  5P^0=P,0.  -|-P, , .  It  is  oxidised  with  combustion  by 
nitric  acid,  and  taxes  fire  in  chlorine  gas. 

b.  Hypophotphorout  Add.    P90=S9*418. 

In  the  separate,  or  hydrated  state,  P.O.  3  HO,  or  P^O^,  H  • 
This  acid  is  formed  when  phosphurets  of  the  alkaline  metals 
act  on  water,  or  when  phosphorus  is  boiled  with  alkalies  and 
water,  phosphoric  acid  and  phosphuretted  hydrogen  gas  being 
formed  at  the  same  time.  The  two  acids  combine  with  the 
base  ;  and  if  this  be  lime  or  baryta,  the  h3rpopho8phite  being 
soluble,  is  easily  separated  from  the  insoluble  phosphate. 
From  tiie  hypophospbite  of  baryta,  sulphuric  acid  removes 
the  baryiA,  and  the  h3rpopho8phorus  acid  is  left,  dissolved  in 
water.  By  gentle  evaporation  it  may  be  obtained  as  a  deli- 
quescent ciystalline  mass,  which  is  the  hydrated  acid. 

When  heated  in  close  vessels,  this  acid  is  resolved  into 
phosphuretted  hydrogen  gas  and  phosphoric  acid.  Thus, 
2  (P,0, 3  H0)=P,H.-hP.0„3  HO.  It  is  a  powerful  deoxi- 
dising agent,  taking  oxygen  from  many  other  substances,  and 
passing  into  phosphoric  acid.  With  bases,  it  forms  salts  called 
nypophosphites,  which  are  all  soluble  in  water,  and  which, 
when  heated,  are  resolved  into  phosphates  and  phosphuretted 
hydrogen. 

c.  Phospborons  Acid. 

In  the  anhydrous  state,P,0,  ;  in  the  separate,  or  hydrated, 
state  (the  crystals),  P,0„  3  HO,  or  P.O.,  H,. 
This  acid  is  formed,  along  with  phosphoric  acid,  during  the 
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slow  combustion  of  phosphoros  in  air.  It  is  best  obtained  pure 
by  acting  on  tbe  sesgaicnloride  of  phosphorus,  P.Cl,,  by  water. 
P,C1^+6H0=3HC1+P,0,3H0.  The  hydrochloric  acid 
is  easily  expelled  by  a  gentle  heat,  and  the  aqueous  solution 
of  phosphorous  acid,  if  sufficiently  evaporated,  yields  a  mass 
composed  of  deliquescent  crystals.    This  is  the  hydrated  acid. 

This  add,  like  the  preceding,  is  a  powerful  deoxidising  agent. 
When  heated- in  close  vessels,  the  anhydrous  acid,  obtamed  by 
the  combustion  of  phosphorus  in  rarefied  air,  yields  phosphorus, 
and  anhydrous  phosphoric  acid,  5  P,0,=:  3  P,0  -f  P^.  The 
hydrated  add,  in  the  same  circumstances,  yields  hydrated 
phosphoric  acid  and  phosphuretted  hydrogen  gas,  4  (P,0,, 
3  H0)^3  (PjO.,  3  H0)4-P,H,. 

With  bases  phosphorous  add  forms  salts,  which  are  called 
phosphites  ;  and  the  general  formula  of  the  neutral  phospMtes 
isP,03,3MO,orP,0.,M.. 

<L  Phoiphoric  Add. 
1.  Anhydrous  Phosphoric  Add,  P205=::71'465. 

This  compound  is  formed  only  when  phosphorus  is  burned 
in  dry  air  or  oxyj^en  gas.  It  then  appears  as  a  white  solid,  like 
snow,  which  rapidlj  attracts  moisture  from  the  air,  and  passes 
into  metaphosphonc  acidjPaO,,  HO,  or  P,Oa,  H ;  and  this, 
again,  soon  changes,  in  contact  with  water,  especially  if  heated, 
into  common  or  hydrated  phosphoric  add,  P  0^,3  HO,  or 
P,0„  H3.  The  anhydrous  phosphoric  add,  like  the  anhy- 
drous sulphuric  aoid,  can  hardly  be  said  to  be  an  acid  body,  as 
it  does  not  exhibit  add  propi^ties  until  it  has  been  brought 
into  contact  with  water. 

2.  Hydnted  Phosphoric  Add. 

There  are  three  different  adds  to  which  this  name  may  be 
given.  If  we  view  them  as  compounds  containing  water,  then 
they  all  contain  anhydrous  phosphoric  add,  combined  in  each 
wiui  a  different  proportion  of  water,  and  their  formnks  will 
be  P-0„  HO  ;  P.O  ,  2  HO  ;  and  P,0,,  3  HO.  If,  on  the 
other  hand,  we  view  them  as  hydrogen  acids,  then  they  contain 
no  anhydrous  phosphoric  add,bat  are  quite  distinct  compounds, 
and  their  formula  will  be  as  follow»— P,0,,  H  ;  P,0.,  H,  ; 
and  P,0«,  H,.  The  latter  view  is  much  more  probable,  and 
agrees  better  with  theproperties  and  composition  of  these  adds, 
and  of  their  salts.  The  first  is  called  metaphosphoric  acid«  the 
■econd  pyrophosphoric  add,  and  the  third  common  phosphoric 
acid ;  or  they  may  be  still  better  designated  as  monobasic, 
bibasic,  and  tribasic  pluMphoric  adds. 
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MXTAPHOSPHORIC^  OR  MONOBASIC  PHOSPHORIC  ACID. 

P,  O^,  HO,  or  Pj  Oj,  H=80-478. 

This  acid  is  easily  obtained  by  dissolving  phosphorus  in 
dilated  nitric  acid  with  the  aid  of  heat,  evaporating  to  a  syrap, 
and  exposing  the  residae  to  a  led-heat  in  a  platinum  crucible. 
Or  the  solution  of  the  anhydrous  acid  may  be  treated  in  the 
same  manner ;  or  phosphate  of  ammonia  may  be  ignited  in  a 
platinum  crucible.  Wnen  phosphoric  acid  has  once  come  in 
contact  with  water,  it  can  never  be  rendered  anhydrous  by  heat ; 
it  can  only  be  reduced  to  the  state  of  monobasic  acid. 

As  thus  obtained,  it  appears  in  the  shape  of  a  colourless  and 
transparent  fflass,  which  slowly  dissolves  m  water.  It  is  hence 
<»Jled  glacial  phosphoric  acid.  Its  solution  causes  in  solutions 
of  sQver  a  white  granular  precipitate  of  monobasic  phosphate  of 
silver  ;  it  also  coaj;ulates  albumen.  But  if  long  kept,  or  if  very 
rapidly  boiled,  this  solution  passes  into  one  of  tnbasic  phos- 
phoric acid,  and  no  longer  precipitates  silver  or  coagulates  albu- 
men. Here  2  eqs.  of  water  enter  into  the  composition  of  the 
acid;  P    0.,H0-|-2H0  =  P,  0,,3H0. 

With  oases,  this  acid  forms  one  senes  of  salts,  the  monobasic 
phosphates,  the  general  formula  of  which  is  P,  0.,  MO,  or  P, 
O^,  M.  In  these,  the  hydrogen  of  the  acid  is  replaced  by  its 
equivalent  of  metal.  The  precipitate  caused  by  the  acid  in 
solutions  of  silver  is  one  of  these  salts,  P,  0.,  Ag  O. 

PTBOPHOSPHORIO,  OR  BIBASIO  PHOSPHORIC  ACm. 
P,  O^,  2  H  O,  or  P,  O,,  Ha=89«491. 

When  common  or  tribasic  phosphoric  acid,  P,  O.,  3  H  O  is 
heated  for  some  time  to  417*^,  it  loses  one-third  of  tne  water  it 
contains,  and  becomes  bibasic,  or  pyrophosphoric  acid.  It 
appears  as  a  viscid  syrup,  very  acid,  and  veiy  soluble  in  water. 
Its  solution  neither  precipitates  silver  nor  coagulates  albumen ; 
but  if  previously  neutralised  by  ammonia  it  causes  in  salts  of 
silver  a  flaky  wnite  precipitate  of  bibasic  phosphate  of  silvery 
P,  O  ,  2  Ag  0.  The  solution  of  this  acid,  like  that  of  the 
preceoing,  soon  passes  into  tribasic  acid,  especially  if  heated. 

With  oases  it  forms  two  series  of  salts,  one  containing  2  eqs. 
of  base,  the  other  1  eq.  of  base,  and  1  of  water.  The  former 
are  neutral,  and  have  the  general  formula  P,  0„  2  MO  :  the 
latter  are  acid,  and  their  formula  is  P,  O  ,  M  O,  H  O.  This 
acid  is  much  more  easily  obtained  in  combination  with  a  base 
than  in  the  free  «tate,  and  in  fact  it  was  discovered  in  the  salt 
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obtained  by  igniting  the  common  phospbate  of  soda,  when 
there  is  left  pyrophoBphate  or  bibasic  phosphate  of  soda,  P,  O., 
aNaO. 

When  a  pyrophosphate  is  melted  with  excess  of  base,  it  is 
converted  into  a  tribasic  phosphate.  Thus,  if  pyTophoq>hate 
of  soda  be  fased  with  an  additional  eqaiyalent  of  soda,  the  tri- 
basic salt,  P,  Og,  3  Na  O  ia  formed,  which  no  longer  contains 
pyrophosphoric  add. 

COMMON,  OB  TBIBASIO  PHOePHOBIC  ACIJ>. 
P,  O,,  3 HO;  or  P,  O,,  H,=:d8-604. 

When  a  solution  of  any  of  the  preceding  acids  is  eraporated 
by  a  moderate  heat  to  the  consistence  of  symp,  the  residue  is 
found  to  be  the  tribasic  acid  P,  0  ,  3  HO.  Heated  for  a  long 
time  to  417<*,  it  loeee  1  eq.  water  ana  becomes  bibasic ;  heated  to 
redness  it  gives  off  2  eqs.  water,  and  becomes  monobasic.  A 
diluted  solution  of  either  of  these  gradually  becomes  tribasic, 
and  this  dumge  is  very  rapidly  effected  by  boiling.  Solution  of 
common  phosphoric  acid  neith^  precipitates  silver  nor  coagu- 
lates albumen  ;  but  if  neutralised  Vy  ammonia,  it  causes  in  suts 
of  silver  a  pale  yellow  precipitate  of  tribasic  phosphate  of  ulver, 
P.0.,3XgO. 

The  most  economical  method  of  prepazins  phosphoric  acid  is 
to  add  to  the  syropy  superphosphate,  or  acid  phosphate  of  lime, 
previously  described,  ou  of  vitnol  as  long  as  it  causes  a  precipi- 
tation of  sulphate  of  lime.  The  mixtiire  becomes  quite  thick, 
and  is  to  be  diluted  with  water,  filtered,  again  concentrated  to 
a  avnip,  and  again  tested  by  adding  a  few  doom  of  oil  of  vitriol. 
When  no  moresnlphate^of  lime  iaformed, the  solution  is  free  from 
lime,  but  still  contains  phosphate  of  magnesia.  It  is  to  be  evapo- 
rated and  gradually  heated  to  redness  in  a  platinum  vessel,  by 
which  means  all  the  excess  of  sulphuric  acid  is  expelled,  and  a 
glass  is  left.  To  separate  the  manieBia,  this  glass  is  to  be 
dissolved  in  warm  water,  and  the  solution  evapoiated  in  a  pla- 
tinum dish  till  its  tempmture  reaches  000^  F.  and  phosphoric 
acid  begins  to  be  expelled  along  with  the  water.  At  this  point 
the  thick  viscid  mass  becomes  turbid,  from  the  separation  of 
insoluble  phosphate  of  magnesia ;  and  if  the  same  temperatnre 
is  kept  up  for  a  quarter  or  half  an  hour,  the  whole  of  the 
magnesia  assames  the  insoluble  form.  Water  being  now  add^, 
the  pure  phosphoric  acid  dissolves,  the  insolubfe  phosphate 
of  magnesia  is  separated  by  filtration,  and  the  filtered  liquid  is 
a  pore  solution  oi  jphosphone  add.  It  is  now  evaporated  and 
once  more  gently  ignited  in  a  covered  platinmn  vessel.  Pure 
i2 
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monobade  phosphoric  add  it  left  It  it  now  dinolyed  in  hot 
water,  ajid  oecomet  tribatic  acid,  the  form  nsnallj  employed, 
as  it  it  the  most  permanent.  like  the  other  phosphoric  acidv 
it  is  yeiy  acid,  but  not  corrosiye.  It  is  occasionally  used  in 
medicine. 

With  bases,  common  phosphoric  add  forms  three  series  of 
salts,  in  which  the  3  equivalents  of  water  in  the  add  are  wholly 
or  partially  replaced  by  metallic  oxides.  Thus,  with  soda  it 
forms  three  salts  ;  Ist.  nentral  phosphate  P,  0. ,  3  Na  0 ;  2nd, 
common  phosj^te  ot  soda,  P.  0.,  2  Na  0,  HO ;  3rd,  acid 
phosphate  of  soda,  P,  0.,  Na  0, 2  HO.  In  each  of  these  salts 
there  are  3  eqs.  of  base,  but  these  may  be  either  all  soda,  or 
partly  soda  and  piurtly  basic  water.  All  three  salts  giro  with 
the  salts  of  silver  the  same  yeUow  predpitate,  P,  O^,  3  AgO ; 
but  the  supernatant  liquid  is  only  neutnJ  when  the  neutral 
phosphate  is  used ;  it  is  add  in  the  case  of  the  other  two  salts, 
because,  for  eveiy  eo.  of  oxide  of  silver  in  the  predpitate,  1  eq. 
of  nitric  add  has  to  oe  neutralised,  and  this  cannot  be  eflfiected 
by  the  basic  water,  but  only  by  the  soda. 

When  the  second  or  common  phosphate  of  soda  is  ignited,  its 
basic  water  is  cbiven  off,  and  bibasic  phosphate  of  soda  P,  O. , 
2  Na  O,  is  left.  This  salt,  dissolved  in  water,  gives  with  salts 
of  silver  a  white  flaky  precipitate  of  bibasic  phosphate,  while 
the  supernatant  liquid  lemams  neutral. 

If  the  third  or  acid  phosphate  of  soda  be  i^ted,  it  loses  2 
eqs.  of  basic  water,  and  monobasic  phosphate  is  left,  which,  if 
dissolved  in  water,  gives  with  silver  a  granular  white  predpi- 
tate of  monobasic  phosphate,  the  supernatant  liquid  remaining 
neutral. 

From  the  above  brief  description  of  the  three  modifications 
of  phosphoric  add,  it  will  be  seen  that  their  chaiacters  are 
distinct  and  well  mari^ed.  Ghraham  views  them,  according  to 
the  formulsB  which  assume  the  presence  of  water,  as  three  dif.* 
ferent  hydrates  of  the  same  anhydrous  add  ;  and  he  contdders 
that  when  the  anhydrous  add  has  combined  with  one,  two,  or 
three  atoms  of  water,  it  acq^uiies  and  retains,  in  each  case,  the 
power  or  tendency  to  combme  with  one,  two,  or  three  equiva- 
lents  of  fixed  base.  The  facility  with  which  one  form  passes 
into  the  other  is  in  favour  of  this  view ;  but  it  must  be  observed 
that  it  affords  no  explanation  of  the  remarkable  tendency  alluded 
to,  but  only  states  the  fact,  and  still  leaves  unanswered  the 
question,  Why  does  anhydrous  phosphoric  acid  at  one  time  unite 
with  1  eq.,  at  another  with  2  eqs.  or  3  eqs.  of  water  ?  or  why 
does  it,  by  doing  so,  acquire  the  tendency  to  unite  with  1,  2, 
or  3  eqs.  of  base  t 
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'  Liebig,  on  ihe  other  hand,  connden  ihe  time  ftddk  m  ndi> 
cally  different^  being  formed  ^  hydrogen,  nnited  in  each  to  m 
different  compoand  radical ;  and  that  at  in  the  first  there  is 
only  1  e<}.,  in  the  second  2  eqs^  and  in  the  third  3  eqs.  of 
hyon^n,  the  salts  must  neoenaiilj  contain  eqniyalent  pro* 
portions  of  metals  which,  in  the  two  latter,  may  replace  the 
hydrogen  either  wholly  or  partially,  as  in  other  polyhasic 
acids.  The  formula  for  the  adds,  on  this  yiew,  haye  been 
given  above. 

The  now-admitted  existence  of  nnmeioDS  polyhasic  adds,  and 
the  glowing  tendency  to  consider  all  hydrated  adds  as  hydrogen 
adds,  tend  to  induce  ns  to  prefer  the  latter  view,  whidi  more- 
oyer  nas  the  advantage  of  at  leastoffering  an  explanation  td  the 
different  nentralising  power  of  the  three  adds,  which  is  refened 
to  the  amount  of  replaceable  hydrogen  they  contain.  Thns  we 
have-^ 


*■  Up.O. +H 


Add.  Saiti.  Add.  Sdto.  Add.  SUti. 

P.O.,  H ;  P.  0„  M ;  P,0„  H, ;  P,  0„  M, ;  P.O.,  H,  ;T»,0„  M, ; 

P.O,  jg  P.0,    |S« 

'  If  we  begin  from  the  tiibasic  add,  and  represent  one  of  its 
salts,  the  common  phosphate  of  soda,  P ,  0, ,  )  Na  2,  as  follows ; 

IH, 

We  see  that  when  this  salt  is  ignited,  1  eq.  of  hydrogen  is  ex- 
pelled, alon^  with  1  eq.  of  oxygen,  and  the  2  eqs.  of  sodium 
now  neutralne  the  whole  of  tro  remaining  phoaxihonis  and 
oxygen,  which  is  J  P,  O, —  O  =  P,  O,.  and  the  bibasic  salt, 
Py  0„  Na,  results.    If  this  be  expressed  by 

We  see  that  something  has  been  added  to  the  radical  previously 
united  with  each  eq.  of  sodium,  without  altering  its  neutralising 
power.   In  like  manner,  if  we  represent  microcosmic  salt  P«  O,, 

(Na 

\  NH,  as  follows, 

(h 

fN.  fiPaO,  +  K* 

P,  O,  +  ^  NH^=-{  i  P.  O,  +  NH^ 
IH  Up.O, +  H 


118         PH08PHUKBT1BD  HTDBOOXV. 

We  see  that  when  it  is  ignited,  the  hydrogen  and  the  amnuminm 
are  both  expelled^  each  combined  witii  1  eq.  of  oxyen ;  bat  as  the 
rest  of  the  phosphorus  and  ozyoen  formerly  combined  with  them 
is  not  expelled,  it  enters  into  the  composition  of  the  radical  still 
united  with  the  1  eq.of  sodium,  bat  without  affecting  its  neatral- 
isinff  power.  This  radical,  therefore,  becomes i  P,  O, — 0,= 
P,  0. ;  and  its  salt  with  sodium  is  P,  0«,  Na,  the  monobudc 
phospliate  of  soda.  If,  now,  we  turn  to  what  was  said  above 
of  the  acids  of  sulphur,  viewed  as  hydrogen  acids,  we  shall 
there  see  many  analogous  cases  of  the  addition  to  the  acid 
radical  of  different  (quantities  of  its  elements,  while  the  nea- 
tralisinff  power  remains  unchanged.  Thus,  hdyrated  sulphur^ 
oas  acid,  H  +  SO,,  by  the  additon  of  SO,  +  S,  to  itsiadicaly 
becomes  the  acid  of  Fordos  and  Oelis,  without  change  of 
neutralising  power.  In  the  phosphoric  acids,  the  neutralisiiig 
power  vanes,  because  the  hydrogen  varies :  but  when  they 
are  represented,  as  has  been  done  above,  in  such  a  way  as  to 
keep  tne  hydrogen  (or  metal)  the  same  in  all,  the  analogy 
between  them  and  the  acids  of  sulphur,  in  regard  to  the  non- 
dependence  of  the  neutralising  power  on  the  nature  and  propor- 
tions of  the  ingredients  of  the  radical,  becomes  manifest. 

The  above  is  the  view  which  Liebiff  tdces  of  the  nature  and 
formation  of  the  three  phorohoric  acids.  It  must  be  admitted, 
that  it  has  the  advantage  of  simplicity ;  that  it  explains,  in  a 
consistent  manner,  all  the  known  facts  ;  and  that  it  is  at  present 
better  supported,  and  rests  on  fewer  assumptions,  than  any 
other  theory  of  the  constitution  either  of  these  acids,  or  of 
acids  in  general. 

raosraoRus  ani>  htdrooxn. 
Phoiphnretted  Hydrogen.    PgH,=W'4. 

This  compound  may  be  formed  bv  the  action  of  phosphnrets 
of  alkaline  metals  on  water,  or  by  the  action  of  phosphorus  on 
boiling  alkaline  solutions.  Thus,  phosphuret  of  calcium, 
thrown  into  water,  disenga^^  the  gas  in  question ;  and  it  is 
also  produced  in  larse  quantity  by  appljdng  heat  to  a  mixture 
of  lime,  water,  and  fragments  of  phosphorus,  in  a  retort  nearly 
filled  with  the  mixture,  or  by  ooihng  phosphorus  with  an 
alcoholic  solution  of  potash.  The  two  former  methods  yield 
it  in  a  form  in  which  it  is  spontaneously  combustible  on  com- 
ing in  contact  with  air  or  oi^gen;  the  latter  in  a  form  in 
which  it  requires  the  contact  of  flame  in  order  to  bum.  The 
gas  in  both  cases  is  essentially  the  same ;  but  in  the  former  it 
contains  a  minute  proportion  of  a  compound,  not  yet  isolated, 
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wbidi  18  apontaneooslj  inflammable,  and  which,  inflaming  bj 
contact  of  air,  kindles  the  gas.     Iliis  compound  is  snppoised 


to  be  P,  H^.  When  the  spontaneously  inflammable  gas  it 
long  kept,  it  deposits  a  solid  compound,  P,  H,  and  is  then  no 
loi^r  spontaneously  combustible.  Possibly  2  P,  H  yield 
P^andP.H,. 

The  gaa,  whether  spontaneously  inflammable  or  not,  is  colour- 
less, and  has  a  very  ofiensive  smeU  of  putrid  fish.  When  it 
burns,  it  produces  anhydrous  phosphoric  acid  and  water,  form- 
ing Uuck  white  Tapours  ;  ana  when  bubbles  of  the  spontane- 
ouly  inflammable  gas  take  ^re  in  still  air^  they  form  beautifal 
circular  wreaths  of  yapour,  which  ascend,  gradually  widening, 
till  they  are  dissipated  in  the  air. 

The  addition  of  ether,  oil  of  turpentine,  and  many  other 
substances,  destroys  the  spontaneous  inflammability ;  but  this 
property  may  be  restored  oy  adding  to  the  gas  a  minute  pro- 
portion  of  nitrous  add. — (Graham.) 

Phosphurotted  hydrogen  is  neither  acid  nor  alkaline ;  but  it 
seems  to  haye  alkaline  tendencies,  since  it  combines  with 
hydriodic  acid,  forming  a  neutral  crystalline  compound,  iso- 
morphous  with  hydriodate  of  ammonia.  It  also  comoines 
with  seyeral  metallic  chlorides,  forming  compounds  analogous 
to  those  produced  by  ammonia  with  the  same  chlorides.  Rose, 
nHio  has  described  these  compounds,  points  out  a  considerable 
analogy  between  phosphurotted  hydrogen  and  ammonia. 

It  has  already  been  mentioned,  that  when  hypophosphorous 
and  phosphorous  acids  are  heated,  they  are  resolyed  into  phos* 
phone  acid  and  phosphuretted  hydrc^en.  This  gas  is  conse- 
qoenUy  giyen  off  frequently  towards  the  end  of  the  evaporation 
of  a  solution  of  plKwphorous  in  dOuted  nitric  acid,  which  at  first 
forms  phosphorous  acid,  by  the  decomposition  of  which  the  m 
is  piomioea,  causing  a  sudden  combustion  at  the  surface  of  tha 
evaporating  liijuid* 
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Since  the  above  account  was  printed,  M.  P.  Th^nard  has 
pttblished  an  elaborate  Memoir  on  phosphuretted  hydrogen, 
from  which  it  appears  that  there  exist  Ist,  a  fluid  compound 
P,H,  or  6  P,  H,  =P  H,  ^  2nd,  a  solid  compound  P,  H  ; 
and  3rd,  the  gas  P,  H,.  The  fluid  is  first  formed,  and  is 
then  spontaneously  or  veiy  easily  resolved  into  the  other 
two.    Thus — 

P,.H,o  =  ?4H  +  3P«H,. 

Thep;as,  P,  H,,  acquires  its  spontaneous  combustibility  by 
dissolving  some  of  the  liquid  P  H  or  P,  „  H,  q.  In  fact  this 
liquid  communicates  the  same  property  to  other  gases. 

PHOSPHORUS  AND  VmOORSi, 

Phosphuret  of  Nitrogen.     NPa  =  45-52. 

'  This  is  a  white  insoluble  powder,  formed  bv  the  action  of 
ammonia  on  sesquichloride  of  phosphorus.  NH,  +  P^  CL  = 
3  HCl  -h  NP,.  It  is  infusible  and  fixed  in  the  fire  m  close 
vessels. 

PHOSPHORUS   AND   CHLORIKE. 

Phosphorus' takes  fire  spontaneously  in  chlorine  gas,  forming 
two  compounds. 

ft.  Sesqukhloride  of  Fhosphonu.     P^  CI,  » 1 37*8 1 . 

When  phosphorus  is  made  to  pass,  in  the  form  of  vapour, 
through  a  tube  filled  with  coarse  powder  of  bichloride  of  mer^ 
cury,  HgClj,  or  when  chlorine  is  slowly  passed  through  a  tube 
or  retort  containing  phosphorus,  a  volatile  colourless  liquid  is 
obtained,  which  is  sesquichloride  of  phosphorus.  3  HgCl,+ 
P,  =  3  Hg  CI  -f  P^Clj.  Here  protochloride  of  mercury  is 
left,  while  the  excess  of  chlorine  combines  with  the  pho8i>ho- 
rus.  The  sesouichloride  is  a  pungent  fuming  liquid,  which, 
in  contact  witn  water,  yields  hydrochloric  and  phosphorous 
acids.    P,CU-f  3HO  =  3HCl+P.O,. 

b.  Perchloride  of  Phosphorus.    P'^Cl^=i20B'75, 

This  compound  is  best  formed  by  passing  a  cunent  of  chlo- 
line  through  the  preceding  to  saturation.  It  is  a  white 
volatile  solid,  of  a  pungent  smell.  In  contact  with  water,  it 
yields  hydrochloric  and  phosphoric  acids:  P-Cl.  +6  HO  = 
6  HCl -h  P.O..  , 


( 
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PHOSFHOftUS  AND  BROMINE. — ^PHOSPHORUS  AND   IODINE.' 

With  these  elements,  phosphorus  also  unites  with  spon- 
taneous combustion^  and  forms  with  each  two  compounds, 
analogous  to  those  with  chlorine.  They  are  volatile  solids, 
yellow  in  the  case  of  bromine,  dark  brown  or  nearly  black  in 
the  case  of  iodine.  They  decompose  water  like  the  chloride, 
with  the  production  of  hydrobromic  and  hydriodic  acids  on 
the  one  lumd,  and  phosphorous  or  phosphoric  acids  on  the 
other. 

PHOSPHORUS   AND  SULPHUR. 

When  phosphorus  and  sulphur  are  heated  together  under 
^ter  th^  combine,  often  witn  incandescence,  forming  several 
compounds,  whidi  are  exceedingly  inflammably  and  having 
a  tendency  to  explode  violentfy  when  heated,  from  some 
unknown  cause,  are  very  dangerous  to  experiment  with. 
Berzelius  has  lately  examined  these  compounds,  and  has 
described  the  following.  1.  P  -fS.  This  compound  occnn  in 
two  states,  as  a  colourless  liqtdd,  and  as  a  red  powder; 

2.  P,  S.    A  pale  yellow  liquid,  also  as  an  orange  powder; 

3.  P,S, ,.  Yellow  crystals ;  4.  P^S,  =  P^S  +  P,8.  A  scar- 
let powder,  changed  by  distillation  into  a  liquid ;  5.  P^S  . 
A  yellow  fusible  solid;  6.  P.Sg.  A  yellow  crystallisable 
solid. — ^It  is  very  remarkable,  Uiat  several  of  these  compounds 
occur  in  two  distinct  states ;  and  Berzelius  conoeives  that  this 
is  owing  to  the  circumstance  that,  like  sulphur,  phosphorus 
itself  exists  in  two  mechanically  distinct  states,  and  that  the 
difference  of  the  two  states  of  the  compounds  depends  on  the 
one  containing  phosphorus  in  its  ordinair  condition,  while  in 
the  o^er  the  phosphorus  is  in  the  aUotropic  state,  as  it 
is  now  called. 

In  the  above  section,  we  have  considered  the  atom  of  phos- 
phorus to  be  15*7,  on  which  view  most  of  the  compounds  of 
phosphorus  must  contain  2  atoms  and  1  equivalent.  Thus 
phosphoric  acid  is  P,0., phosphorous  acid  P.O^ ;  phosphuret- 
ted  hydrogen  P^H, :  tne  chlorides  of  phospnorus  P.Cl,,  and 
P,C1^.  mt  smce  that  section  was  first  printed,  the  con- 
tinental chemists  have,  for  the  most  part,  adopted  the  equiva- 
lent of  hydrogen  generally  admitted  in  this  country ;  as  well 
as  the  view,  according  to  which  atom  and  eqmvalent  are 
synonymous,  or  at  least  convertible  terms,  ft  is  on  this 
account  that  they  now  admit  our  atomic  weigjit  of  hydrocen : 
and  to  be  consistent  we  should  apply  the  same  rule  to  pnos- 
phorus,  \diich,  as  we  have  seen,  enters  into  combination 
nearly  if  not  altogether  uniformly,  ia  the  proportion  of  two 
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atoms.  In  &ct  we  do  admit  the  eqniyalent  of  phoephonm 
to  be  31*4.  Now  it  appears  to  me  that  we  onght  to  call  this 
not  only  one  equivalent,  but  also  one  atom.  In  that  case, 
phosphoric  acid  will  be  P  0^,  phosphorous  acid,  PO^,  phos- 
phuretted  hydrooen,  (liquid)  P  H  :  (solid)  P,H  ;  and  gase- 
ous, PH,  ;  and  tne  chlorides  of  pnosphorus  P  CI,  and  P  CI,. 

The  same  chance  ought  to  be  adopted  in  the  case  of  arsenic, 
the  atom  of  which,  instead  of  37' 7,  onght  to  be  75*4,  and  the 
formules  of  arsenious  and  arsenic  acids,  instead  of  As,  0, 
and  As,  0.,  will  be  As  O,  and  As  O,. 

It  is  possible  that  some  other  atomic  weights  will  have  to  be 
doubled  in  the  same  way.  Those  of  iron  and  chromium, 
however,  although  these  elements  form  compounds  such  as 
Fe^  0„  Fe,  Cl„  Cr,  0„  Or,  CI,  &c,  &c.,  do  not  require 
this  change,  because  these  metals  also  form  compounds  such 
as  Fe  0,  Fe  CI,  Fe  S,  Cr  0,  &c.,  &c 

The  reader  can  easOy  make  for  himself  the  necessary  alter** 
tions  on  the  tables,  formulas  and  equations,  where  phospho- 
rus and  arsenic  occur. 

11.  Carbom.    C  =  604. 

This  element  occurs  very  abundantly  in  nature,  generally 
combined.  In  the  pure  st^,  and  crystallised,  it  constitute 
the  diamond.  In  a  compact,  amorphous  condition,  it  occurs 
as  plumbago  or  graphite ;  and  in  a  much  less  pure  form  as 
anthracite  coal.  It  is  an  essential  ingredient  of  all  oi|(anised 
tissues  and  products,  animal  and  vegetable;  and  it  is  also  found 
in  the  mineral  kingdom  as  the  chief  component  of  pit  coal 
and  wood  coal,  vmich  are  evidently  derived  from  vege- 
tables ;  and,  further,  as  carburetted  hydrogen  ffss,  the  fire- 
damp, and  carbonic  acid  gas,  the  choke-damp  of  coal  mines, 
whicn  are  products  of  the  decay  of  vegetable  matter.  Carfoonie 
acid  is  abundant  in  volcanic  districts  and  in  mineral  waters, 
and,  combined  with  lime  or  ma^esia,  constitute^  extensive 
rock  formations.  Carbonate  of  hme  occurs,  for  example,  as 
paarble,  limestone,  and  chalk ;  and  along  with  carbonate  of 
magnesia  as  dolomite.  When  cirstallised,  it  forms  calcareous 
spar.  Carbonate  of  magnesia  also  forms  rocks  in  some  parts 
of  the  world.  In  smaller  quantity,  the  carbonates  of  baryta, 
strontia,  lead,  and  some  other  bases,  are  also  found.  Carbonic 
acid  gas  is  always  present  in  the  atmosphere,  of  which  it  forms 
*bout  -nnnr  by  weight. 

Carbon  is  artificially  prepared  by  heating  ox^ganic  matter  in 
close  vessels  as  lon^  as  any  volatile  substances  are  given  off. 
These  volatile  bodies  are  compounds  of  carbon,  hydrogen, 
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nitrogen^  and  oxygen,  in  Tarions  proportions,  and  the  reddne 
is  the  excess  of  carbon,  which  is  fixed  in  Uie  fire,  provided 
oxygen  be  exdnded.  Wood  thos  treated  fields  common 
charooal,  which  is  carbon  -h  the  ashes  or  mineral  elements 
of  the  wood.  Coal  yields  coke,  which  is  more  dense  in  its 
stnictare.  Animal  matters  yield  animal  charcoal,  whidi 
contains  phosphates,  and  also  nitrogen,  probably  as  meUone, 
C^  N^.  The  charcoal  from  bones  is  called  l>one  or  ivory 
black,  and  is  of  coarse  loaded  with  phosphate  of  lime.  When 
dls  or  resins,  which  are  always  rich  in  carbon,  are  burned 
-with  a  deficient  supply  of  oxygen,  they  yield  a  great  deal  of 
Boot,  which  is  caued  lamp-black.  When  ignited  in  close 
■vessels,  to  expel  any  traces  of  oil  or  volatile  matters,  it  if 
almost  pare  carbon. 

The  diamond,  or  crystallised  carbon,  is  the  hardest  bod^ 
known.  Its  Sp.  G.  is  3*5.  It  is  also  qaite  infasible,  bat  la 
easily  bnmed  when  heated  in  oxygen,  and  is  converted  into 
carbonic  acid.  It  is  remarkable  for  its  transparency  and  high 
lefiractive  and  dispeisive  power:  it  is  a  non-conductor  of 
electricity.  In  the  other  (allotropic  1)  form  of  graphite, 
anthracite,  or  charcoal,  carbon  is  opaque,  black,  combustible 
in  air  or  oxygen,  yielding  carbonic  acid,  but  is  now  a  con* 
dnetor  of  electricity.  Its  Sp.  G.  is  2l  In  all  its  forms,  carbon 
is  devoid  of  taste  or  smell,  msoluble,  as  such,  in  all  menstrua 
(although  it  may  be  oxidised  and  dinolved  as  carbonic  acid  by 
strong  nitric  acid,  or  aqua  r^;ia,  with  the  aid  of  heat),  ana 
altogether  fixed  in  the  fire  in  <nose  vessels. 

In  open  vessels,  carbon,  when  heated,  takes  £ie,  and,  ifpnrei 
bums  entirely  awajr,  being  converted  into  carbonic  acia  gas. 
Indeed,  the  attraction  of  carbon  for  oxy^  at  a  red-heat 
exceeds  that  of  almost  all  other  bodies.  It  is  to  this  propertyi 
and  to  the  heat  and  light  given  out  in  its  combustion,  that  are 
owing  the  uses  of  carbon,  as  the  chief  ingredient  of  all  kinds  of 
fnd,  whether  bnmed  for  heat  or  for  light. 

CARBOB  AND   OXTOBN. 

With  oxyxen,  carbon  forms  two  well-marked  gaseous  corn-* 
ponnds,  wiucn  shall  be  here  described.  The  same  elementS| 
in  other  proportions,  constitute,  according  to  the  opinion  which 
r^ards  oxysen  acids  as  hydmtes,  certain  anhydrous  acids,  to 
be  described  under  the  head  of  organic  chemistry.  As  these 
anhydrous  acids,  however,  are  not  known  in  the  separate 
form,  we  may  rather  consiaer  the  acids  in  question  (the  oxalic, 
mellitic^  croconic,  and  rhodizonic  acids)  as  compounds  of 
hydrogen* 
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Carbonic  Oxide.    C  0  =  1 4-063. 


'  This  gas  is  formed  either  when  carbon  is  burned  with  a 
limited  snpply  of  air,  as  when  air  is  passed  throngh  a  mass  of 
red-hot  GhanH)al ;  or  when  carbonic  acid  is  brought  into  contact 
with  red-hot  charcoal.  In  the  ktter  case,  the  carbonic  acid, 
CO.,  is  deoxidised,  while  the  carbon  is  oxidised,  C O^  +  C  =3 
2  00. 

It  is  best  obtained  by  heating  in  a  retort  1  part  of  £neij- 
powdered  ferrocyanide  of  potassium  (pmssiate  of  potash)  along 
with  10  parts  of  oil  of  vitriol.  The  sjJt  contains  cyanide  of 
potassium,  K,  C,N,  and  cyanide  of  iron,  Fe,  C^  N.  One  or 
both  of  these  salts  Acts  on  the  sulphuric  acid  and  water,  yield- 
ing sulphate  of  potash  (or  of  iron),  sulphate  of  ammonia,  and 
carbonic  oxide,  K,  C,  N  -f  2  (HO,  SO,)  +  2  HO  =  (KO, 
SO3)  +(NHj^  0,803)+  2  00.  The  gas  may  also  be  ob- 
tained by  heating  a  mixture  of  a  formiate,  M  O,  U  HO3,  with 
an  excess  of  oil  of  vitriol,  MO,  0,  H  0,  +  H  O,  SO.  =MO, 
SO  -h  2  HO  -h  2  00.  When  oxalic  acid,  HO,  C.  63,  or  an 
oxalate,  MO,  C^  O3,  is  heated  with  an  excess  of  oil  of  vitrioL 
there  is  obtained  a  mixture  of  carbonic  oxide  and  carbonic  acid 
flnses,  MO,  C,  O3  +  HO,  80,=  MO,  SO,  -H  HO-|-CO  + 
CO^.  By  passing  the  mixed  gases  tiirough  milk  of  lime,  or 
solution  of  potash,  the  carbonic  acid  is  arrested,  and  the  car- 
bonic oxide  gas  obtained  pure. 

Carbonic  oxide  gas  may  be  collected  and  kept  over  water. 
It  is  ttinsparent  and  colourless,  has  neither  taste  or  smell,  and 
when  respired  is  fatal  to  animal  life.  It  takes  fire  when  heated 
to  redness  in  contact  with  air,  as  by  the  approach  of  a  candle, 
and  bums  with  a  lambent  clear  blue  flame,  combining  with  a 
second  equivalent  of  oxygen,  and  yiel(]Ung  carbonic  acid.  Its 
8p«  G.  is  0*9722.  The  blue  flame  that  is  often  seen  to  play  on 
the  surface  of  a  large  red-hot  coal  fire  is  owing  to  the  formation 
of  this  gas ;  the  carbonic  acid  fonned  at  the  lower  part  of  the 
fire  beinff  forced  to  pass  through  a  thick  mass  of  red-hot  char- 
coal. The  formation  of  this  poisonous  gas  is  also  one  cause  of 
the  danger  of  slowly  burning  charcoal  in  chauffers,  in  rooms 
where  tnere  is  no  chimney  and  little  ventilation. 

Carbonic  oxide  is  a  compound  radical ;  that  is,  it  acts  like 
an  element,  combining  with  elements.  Thus,  it  combines  with 
chlorine,  with  oxygen,  with  metals.  In  this  point  of  view  it  is 
a  most  interesting  compound  ;  but,  like  cyanogen,  comes  to  be 
treated  of  as  a  compound  radical  in  the  orgamc  division  of 
this  work. 
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b.   drbonic  Acid.    COa 


>22. 


8tr.  Fixed  Air, — This  gas  occurs  in  a  variety  of  ciicumt 
itances,  which  haye  heen  noticed  above,  in  treating  of  carbon* 
In  addition  to  these,  it  may  here  be  mentioned  that  it  is  formed 
doling  the  respiration  of  animals,  and  that  it  is  a  chief  product 
of  the  vinous  or  alcoholic  fermentation.  It  is  also  formed  in 
bige  quantity  in  aU  ordinary  combustions,  from  the  oxidatioii 
of  Uie  carbon  in  the  fuel. 

It  is  best  prepared  artificially  by  the  action  of  diluted 
hrdrochloric  or  sulphuric  add  on  marble  or  chalk,  which,  as 
aheady  stated,  is  carbonate  of  lime,  Ca  O,  CO  .  Thus  we  have 
CaO,CO,  +  HCl  =  Caa-f  HO  +  CO  .  It  may  be  col- 
lected, wiu  some  loss,  over  water,  which  absorbs  it  to  a  con* 
oderable  extent. 

It  is  a  transparent  and  colourless  gas,  with  a  rather  pun* 
gent,  subacid  smell,  and  a  slight  acidulous  taste.  Its  Sp.  Q.  is 
1*527 ;  and  it  is  so  much  heavier  than  air,  that  it  may  be  col- 
lected in  vessels  by  displacement,  as  represented  in  the  cut^ 
especially  if  it  be  wanted  dry,  after  passing  through  a  tube 


filled  with  chloride  of  calcium.  Lime  water  is  rendered  turbid 
by  this  gas,  the  insoluble  carbonate  of  lime  being  formed ;  and 
vf  this  character  it  is  distinguished  from  all  other  gases.  It 
extinguishes  flame,  and  is  most  deleterious  when  inhaled.  As 
it  is  ant,  from  its  great  density,  to  accumulate  in  the  lower 
part  of  wells,  pits,  or  mines,  where  it  escapes,  it  is  often  the 
cause  of  &taJ  accidents.  No  such  place  should  be  entered 
sntil  &  lig^t  has  been  introduced,  and  found  to  bum  brightly ; 
if  it.  bums  dimly,  or  is  extinguished,  the  air  wiU  certainly 
destroy  life  if  respired. 
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.  Carbonic  acid  gas,  by  a  pressure  of  36  atmospheres,  is  lique- 
fied. This  is  best  accompliuied  by  condensiiig  the  gas,  by  means 
of  a  pQmp>  into  a  strong  copper  vessel,  snch  as  is  osed  for  air- 
guns.  Tne  liquid  carbonic  add,  by  its  almost  instantaneons 
evaporation,  when  aJlowed  to  escape  through  a  jet,  produces 
80  much  cold  as  to  freeze  a  part  of  the  gas  into  a  white  solid 
like  snow.  The  solid  carbonic  acid  evaporates  slowly,  bu^  if 
mixed  with  ether,  more  rapidly,  so  as  to  freeze  mercuiy  easily. 
The  liquid  acid  expands  by  heat  in  a  greater  degree  than  even 
the  gas  does. 

Carbonic  acid  gas  is  absorbed  by  water,  particularly  under 
increased  pressure,  and  gives  to  that  liquid  an  acidulous  taste 
and  the  power  of  leddening  litmus ;  although,  on  exposure  to 
the  air,  or  on  boiling,  the  gas  is  given  o£P,  and  the  blue  colour 
is  restored.  With  the  loses,  it  unites,  forming  salts,  which 
are  called  carbonates ;  but  in  the  soluble  carbonates  the  alkali 
is  not  neutralised,  and  many  cai-bonates  of  the  base,  especially 
of  ammonia,  may  be  obtained,  in  all  of  which-  the  properties 
of  the  alkali  predominate.  It  would  appear,  from  this,  that 
carbonic  acid  is  not  a  true  acid,  although  it  combines  with 
bases.  We  shall  hereafter  see  that  one  or  two  other  oxygen 
acids  which,  like  it,  do  not  form  hydrates,  are,  in  like  manner, 
destitute  of  the  true  character  of  acids. 

The  sparkling  and  effervescing  properties  of  many  kinds  of 
wine,  of  beer,  and  of  soda  water,  is  owing  to  the  presence  of 
carbonic  acid.  The  mineral  waters,  in  which  it  occurs  free, 
are  known  by  their  sparkling,  and  are  much  used. 

CARBON   AND   HYDROGEN. 

These  two  elements  combine  together  in  a  vast  number  of 
proportions,  and  being  both  coim)U8tible,  give  rise  to  com- 
pounds, all  of  which  are  highly  inflammable,  and  which 
resemble  each  other  in  chemical  characters  generally.  They 
are  often  called  carbo-hydrogens.  At  the  ordinary  tempera- 
ture, some  are  solid,  as  paraffine  and  naphthaline  ;  many  are 
liquid,  as  oils  of  turpentine  and  lemons,  naphtiia,  &c. ;  and 
two  are  gaseous,  namely,  light  carburetted  hydrogen  gas,  and 
defiant  gas.  All  of  these  compounds  are  either  vegetable 
products,  or  arise  from  Uie  decay  or  the  destructive  distilla- 
tion of  organic  matter.  As,  however,  the  two  gases,  mixed  in 
various  proportions  with  air,  constitute  the  fire-damp  of  coal 
mines,  and  consequentiy  occur  in  the  mineral  kingdom,  we 
shall  describe  them  here,  leaving  Uie  remainder  for  organic 
chemistry. 
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a.   Light  Carbaretted  Hydrogen,  C  H^  »  8*04. 

This  gas  fonns  the  chief  ^art  of  the  combnstihle  gases, 
which  issuing  from  the  seams  m  the  coal,  mixes  with  the  air 
of  the  mine&  and  produces  the  explosive  fire-damp.  It  is  pro- 
duced nearlj  pnre,  when  vegetable  matter  decays  under 
itamant  water.  The  bubbles  which  rise  are  found  to  consist 
of  this  gas,  with  a  little  carbonic  acid,  which  may  be  removed 
by  solution  of  potash.  The  gas  may  also  be  formed  artificially 
iy  heating  an  acetate,  MO,  C4H3O3,  with  an  excess  of  hydrate 
<nbaiyta.    We  have  then 

(MO+C4H,O.,)  +  BaO,HO=MO,CO9  +  BaO,CO9  +  2  0Hs.) 

Tbe  caa  is  colourless  and  inflammable,  burning  with  a 
^Uowisua  flame,  and  forming  carbonic  acid  and  water  with  the 
oxygen  of  the  air.  CH  -hO^  =  CO,  4- 2  HO.  Its  Sp.  G. 
ii  0.5555.  When  mixed  with  twice  its  volume  of  oxygen  and 
aet  fire  to,  it  explodes  violently.  The  same  result  follows,  but 
with  leas  violence,  when  it  is  mixed  with  10  vol.  of  air,  which 
contains  2  vols,  oxygen.  This  is  the  nature  of  fire-damp.  It 
is  a  mixture  of  this  gas  with  air.  If  the  air  is  less  than  6  times, 
or  more  than  fourteen  times  the  volume  of  the  gas,  explosion 
does  not  take  place. 

To  imt  an  end  to  the  frightful  accidents  formerl^r  so  common 
in  coBi-mines,  Davy  invented  his  safety-lamp,  which  is  only  a 
common  oil-lamp,  surrounded  by  wire  gauze.  Davy  found 
that  flame,  which  is  incandescent  gaseous  matter,  and  intensely 
hot,  conld  not  pass  through  fine  wire  gauze,  the  gaseous  matter 
beinff  cooled  by  the  contact  with  the  metal,  below  the  point  at 
whicn  it  becomes  luminous.  Now,  as  it  requires  the  heat  of 
flame  to  fire  the  explosive  mixture,  it  is  evident  that  the  flame 
of  the  lamp,  not  being  able  to  pass  through  the  wire-gauze  as 
flame,  hat  oidy  as  saseous  matter  not  incandescent,  cannot  fire 
the  mixture  which  surrounds  it.  Since  this  beautiful  con- 
trivance was  adopted,  explosions  have  become  much  more  rare 
in  coal-mines ;  and  there  is  good  reason  to  believe  that  such  as 
have  occnnred,  have  arisen  from  neglect  of  the  use  of  the 
nfety-lamp,  or  from  carelessness  in  using  lamps,  the  gauze  of 
wfdok  has  l>een  so  injured  by  blows,  or  otherwise,  as  to  allow 
the  flame  to  pass. 

When  an  explosion  takes  place,  those  who  are  not  burnt  or 
shattered,  are  generaUy  suffocated  by  the  carbonic  acid^  which 
is  the  prodaet  of  the  plosion. 
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b.   Olefiant  Gas.    C^  H.  =i  14-08 ;  or,  C4  H^  =:  2816. 

This  gas  occars  in  the  gaseous  mixtnie  of  coal-mines,  milled 
wiih  the  preceding.  It  is  prepared  by  heating  1  part  of  strong 
alcohol  with  4  parts  of  on  of  vitriol.  The  mixture  blackens 
and  gives  off  the  gas,  which  may  be  collected  over  water.  It 
is  rendered  quite  pure  by  passing  it  through  oil  of  vitriol, 
which  removes  some  of  the  vapour  of  ether  wliich  is  generally 
present. 

Olefiant  gas  is  transparent  and  colourless.  When  brought 
in  contact  with  a  flame  in  the  air,  it  takes  fire,  and  bums  with 
a  very  luminous  white  flame.  Mixed  with  its  volume  of  chlo- 
rine, the  two  gases  rapidly  disappear,  producing  an  ethereal  or 
oily  liquid,  C^H^Cl, ;  hence  the  name.  But  if  mixed  witli  2 
vols,  of  chlorine,  and  set  fire  to,  the  mixture  bums  off  with  a 
red  flame,  and  an  immense  quantity  of  smoke,  which  is  carbon 
deposited  in  the  solid  form,  the  hydrogen  uniting  with  the 
chlorine.    C   H,  +  CI,  =  2  HCl -f  C,. 

When  a  ficht  is  applied  to  a  mixture  of  1  vol.  of  olefiant 
gas,  and  3  vols,  of  oxygen,  or  15  vols,  of  air,  a  very  violent 
explosion  takes  place,  the  products  being  carbonic  acid  and 
water.    C,H,  +  O^  =  2H0  +  2C0,. 

CARBON   AND  NITROOEN. 

Cyanogen.     C,  N  z=Oy  =  26-23. 

These  elements  in  the  nascent  state,  and  in  the  presence  of 
a  base,  combine  to  form  a  very  remarkable  compound,  which,  . 
from  being  a  chief  ingredient  in  Prassian  blue,  has  been  called 
Cyanogen.  This  compound  is  best  obtained  by  heating  a 
mixture  of  6  parts  of  dried  ferrocyanide  of  potassium,  and  9 
parts  of  bicbioride  of  mercunr  in  a  flask,  when  cyanogen  is 

£'ven  off  in  the  foma  of  a  colourless  gas,  absorbed  by  water, 
iving  a  very  pungent  and  peculiar  smeU.  Cyanogen  gas  is 
combustible,  and  bums  with  a  beautiful  purplish  red  flame. 
It  is  liquefied  by  a  pressure  of  3  or  4  atmospheres. 

Such  are  the  leading  external  properties  of  this  remarkable 
compound,  which,  in  its  chemical  relations,  however,  acts  most 
frequently  the  part  of  a  simple  acid  radical,  entirely  analogous 
to  chlorine,  bromine,  iodine,  or  fluorine,  forming  an  add  with 
hydrogen,  and  neutral  salts  with  metals. 

In  fact,  cyanogen  is  the  type  of  the  important  class  of  conn- 
pound  acid  radicals,  which  characterise  the  chemistiy  of  0]^;anie 
bodies,  although,  as  we  have  seen,  they  also  occur  in  inorganic 
chemistiy.     But  as  cyanogen  is  exclusively  a  product  of 
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organiBed  compounds,  or  of  the  destniction  of  oiganic  bodies, 
the  detailed  aescription  of  its  chemical  relations,  and  of  its 
numeroas  compounds,  belongs  to  oi^ganic  cfaemistiy. 

The  composition  of  cyanogen  is  C,N;  but  as  itpla^  the 
part  of  an  elementary  body,  it  is  generally  more  convement  to 
employ  for  it  tiie  symbol  Cy. 

Carbon  and  nitrogen  form  another  compound,  C  N  ,  which 
is  iJso  a  compound  radical,  and  is  called  Mellone.  Symbol,  Me. 

CARBON  AZa>  CHLOUNB. 

Carbon  does  not  dire<tiy  unite  with  chlorine ;  but  when 
chlorine  is  made  to  act  on  certain  oiganic  compounds,  which 
are  decomposed  by  it,  the  carbon  beinys^  presented  to  it  in  the 
nascent  state,  combines  with  the  chlorme.  There  are  seyeral 
chlorides  of  carbon :  1.  Dichloride  of  carbon  C  CI,  a  white 
solid  fusible  and  combustible  body.  2.  Protochloride  of  car- 
bon, C  CI,  a  liquid,  boiling  at  160°.  3.  Perchloride  of  car- 
bon, C,  CI,,  a  yery  fusible  solid,  boiling  at  360°,  combustible. 
None  of  these  compounds  haye  any  practical  interest. 

Little,  if  anything,  is  known  of  the  compounds  of  iodine, 
bromine,  and  fluorine,  with  carbon. 

CARBON  AND  SULPHUR. 

Biralpharet  of  Ctfbon,  CS^  =:  38*28. 

This  compound  is  best  formed  by  filling  with  fragments  of 
recently  ignited  charcoal  a  wide  cast-iron  tube,  which  is  placed 
in  a  somewhat  inclined  position  across  a  furnace.  The  lower 
end  of  the  tube  is  connected  with  Liebig's  condensing  apparatus, 
the  wide  glass  tube  of  which  is  kept  cold  by  iced  water,  and 
terminates  in  a  two-necked  bottle,  also  placed  in  ice-cold 
water ;  a  tube  in  the  second  tubulature  of  the  bottle,  allows 
the  escape  of  gaseous  matter.  The  part  of  the  iron  tube  con- 
taining tne  charcoal  bein^  now  raised  to  a  red-heat,  a  fragment 
of  snlphur  is  introduced  mto  the  upper  end,  which  is  instantly 
closed.  The  sulphur  melts,  boils,  and  passes  in  yapour  oyer 
the  hot  charcoal,  which  combines  with  it,  fonning  bisnlphuret 
of  carbon,  which  condenses  in  the  bottle  as  a  yolatile  Lquid. 
A  second  fragment  of  sulphur  is  introduced  yeiy  soon  after  the 
first ;  and  if  the  proportion  of  sulphur  introduced  at  once,  and 
the  heat  of  the  charcoal  be  fortunately  obseryed,  a  ime 
quantity  of  the  new  compound  may  soon  be  obtained.  The 
gases  disengaged  appear  to  be  a  caseous  sulphuret  of  carbon, 
chiefly  formed  when  uiere  is  too  little  sulphur,  and  sulphuretted 
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hydrogen,  aiismg  from  the  presence  of  hydrogen  or  water  in 
the  charcoal. 

The  bisulpharet  of  cad)on  is  poiified  by  distillation  in  a  yery 
centle  heat,  and  then  forms  a  very  transparent,  mobile,  colonr- 
fess  liquid,  of  Sp.  0. 1*272,  sinking,  therefore,  in  water,  which 
has  a  peculiarly  offensive  smell  of  putrid  cabbage.  It  is  very 
volatile,  boiling  at  108® ;  and  very  combustible,  burning  with 
a  pale  blue  flame,  and  producing  sulphurous  and  carbonic  acids. 
It  is  insoluble  in  water,  soluble  in  alcohol,  ether,  and  oils.  It 
cUssolves  sulphur  and  phosphorus  readily ;  and  these  solutions, 
by  spontaneous  evaporation,  yield  fine  crystals  of  those  ele- 
ments.   It  also  dissolves  camphor,  essential  oils,  and  resins. 

Sulphuret  of  carbon  is  occasionally  used  as  an  external  appli- 
cation in  bums  ;  and  it  promises  to  be  useful  as  a  solvent  for 
resins,  many  of  which  it  dissolves  readily,  and  thus  forms  var- 
nishes, which,  from  its  great  volatility,  dry  very  rapidly, 

12.  BoEOK.    B=10-9. 

This  element  is  found,  in  combination  with  ozysen,  forming 
boracic  acid  in  certain  hot  springs  in  the  north  of  Italy;  and 
as  borate  of  soda  (borax),  on  the  shores  of  some  lakes  in  Thibet, 

From  boracic  acid,  boron  is  with  difficulty  obtained  by  the 
action  of  potassium,  aided  by  heat,  which  removes  the  oxygen. 
Or  it  may  be  prepaid  by  the  action  of  potassium  on  borofluoride 
of  potassium,  when  boron  is  separated.  KF,  BF  +  K  ^ =4  KF 
-fB.  The  fluoride  of  potassium  which  is  formed,  is  dissolved 
away  by  water,  and  the  boron  remains  as  a  dark  olive-coloured 
powder.  Boron  is  fixed  in  the  fire,  but  if  heated  in  oxygen 
gas  it  bums  brilliantly,  being  converted  into  boracic  acid. 

Boron  and  Oxygen.     Bondc  Add,  BO 3=  84*939. 

When  boron  is  heated  in  air  it  bums  like  tinder,  or  as  above 
stated,  if  heated  in  oxygen,  with  a  brilliant  light,  and  yields 
this  acid.  It  is  obtamed  by  evaporating  the  hot  springs  of 
Sasso,  in  Italy,  in  a  somewhat  impure  sUte,  under  tne  name 
of  Sassoline,  or  erode  boracic  acid.  It  is  best  prepared  by  dis- 
solving borax  in  four  parts  of  hot  water,  and  adding  to  the  hot 
solutionone-thirdof  theweightof  theboraxof  oilof  vitriol.  Borax 
is  a  borate  of  soda ;  the  sulphuric  acid  takes  the  soda,  forming  a 
soluble  salt,  and  the  boracic  acid  is  set  free.  Being  very  s|>aT- 
ingly  soluble  in  cold  water,  it  is  deposited,  on  cooling,  in  scaly 
crystals,  which  are  a  crystallised  hvdnte  of  boracic  acid, 
B O3  4-3  H 0.  These  crystals  are  purified  by  being  dissolved  in 
the  smallest  possible  quantity  of  boiling  water  after  they  have 
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been  washed  with  a  little  cold  water.  On  cooling,  this  solution 
deposits  pure  hydiated  boracic  acid. 

When  the  crystals  are  heated  to  212%  they  lose  half  the 
water  they  contain,  and  this  is  probably  water  of  ciystallisation. 
The  residne  is  2  BO,  +3H0  ;  so  that  the  oriffinal  crystals  may 
be  represented  as  2B0  -h3H  0+3  aq.  Wnen  heated  to  red- 
ness the  acid  melts,  and,  on  cooling,  forms  a  transp^ent  brittle 
^lass.  It  is  qnite  fixed  in  the  fire  in  close  vessels  if  dry  ;  but 
it  Yolatilises  readily  with  the  vapour  of  water,  so  that  a  solu- 
tion of  boracic  acid  cannot  be  evaporated  without  notable  loss. 
It  is  in  this  way,  along  with  steam,  that  it  is  brought  fronl 
great  depths  into  the  springs  in  which  it  is  found. 

Boracic  acid  is  sparingly  soluble  in  cold,  readily  in  hot  water; 
It  is  very  soluble  in  alcohol,  and  its  alcoholic  solution  bums 
with  a  dame  mixed  and  tinged  with  pale  green :  a  property 
characteristic  of  the  compounds  of  boron. 

It  is  a  feeble  acid,  and  reddens  litmus  slightly :  it  colours 
turmeric  brown,  like  alkali.  With  bases  it  forms  salts  called 
borates,  which  are  for  the  most  part  insoluble.  The  alkaline 
borates  alone  are  soluble.  All  tne  salts  of  this  acid  are  very 
fusible,  and  promote  the  fusion  of  other  bodies  when  mixed 
with  them,  nence,  borax  is  much  used  as  a  blowpipe  flux, 
which  not  only  promotes  fusibility,  but  at  a  red-heat  dissolves 
siliceous  compounds  to  a  clear,  fusible  glass. 

No  compounds  are  known  of  boron  with  hydrogen  or 
nitrogen. 

With  chlorine  boron  combines  when  it  is  heated  in  the  gas, 
or  when  chlorine  is  passed  over  a  red-hot  mixture  of  boracic 
acid  and  charcoal.  Tiie  terchloride  of  boron,  BCL.  is  a  gas  at 
ordinary  temperatures.  It  has  a  pungent  acid  smell,  and  forms 
thick  vapours  in  the  air.  These  are  tShe  results  of  its  action  on 
the  water  of  the  atmosphere,  whereby  hydrochloric  and  boracic 
acids  are  formed :  BCl  +3HO=:3HCl+BO,. 

Nothing  is  known  of  the  compounds  of  boron  with  bromine 
and  iodine. 

BORON  AND   FLUORINE. 

terflaoride  of  Boron.     BF,= 66*94. 

Boron  has  a  remarkable  affinity  for  fluorine,  and  when  fluor 
spar  (fluoride  of  calcium)  is  heated  to  redness  with  boracic 
acid,  a  gaseous  compound  is  produced,  analogous  in  compo- 
sition and  properties  to  the  terchloride  of  boron.    3CaF-f  4 

k2 
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BO,=3(CaO,  B03)+BF3.  The  Sp.  G.  of  the  gas  is  2-36.  It 
instantly  seizes  on  water,  decomposing  it,  and  thus,  like  the 
chloride,  forms  very  thick  vapours  with  the  moisture  of  the 
air.  It  is,  in  fact,  a  very  delicate  test  of  the  presence  of  mois- 
ture in  any  gas. 

When  wis  gas  is  absorbed  by  water  to  saturation,  hydro- 
fluoric acid  and  boracic  acid  are  formed  :  BF3+3  H0=3HF 
+BO3.  The  hydrofluoric  acid  unites  with  the  boracic  acid 
and  1  eq.  of  water,  forming  an  acid,  3  H  F+HO,  BO  ,  and  this, 
when  acted  on  by  bases,  yields  salts,  the  formula  of  which  is 
3M F-hMO,BO..  Berzelius  has  shown  that  when  terfluoride 
of  boron  is  absorbed  by  concentrated  hydrofluoric  acid,  another 
compound  is  formed,  the  formula  of  which  is  H  F+BF  .  It 
isanacid,Uie  formula  of  its  salts  being  MF-fBF,.  All  its 
salts,  when  heated,  give  off  terfluoride  of  boron. 

Boron,  when  heated  in  the  vaj^ur  of  sulphur,  bums  and 
forms  a  snlphuret  of  boron,  which  is  a  white  solid  decomposed 
by  water,  with  which  it  yields  sulphuretted  hydrogen  and 
boracic  acid. 

13.  SiLicoM.    Si  =2218. 

This  element  is,  with  the  exception  probably  of  oxygen,  the 
most  abundant  of  all  those  which  form  the  solid  mass  of  our 
earth.  It  occurs,  however,  only  in  a  state  of  combination 
with  oinrgen,  as  silicic  acid  or  silica,  which  is  the  chief  ingre- 
dient of  all  rocks,  except  limestone,  rock  salt,  and  coal,  and 
also  of  all  soils. 

Silicon  is  best  obtained  by  heating  potassium  with  silico- 
fluoride  of  potassium,  3KF-i-2SiF3,  which  with  6  eqs.  of 
potassium  yields  9  K  F+Si,.  Water  dissolves  off  the  fluoride 
of  potassium,  and  leaves  the  silicon  as  a  dark  brown  powder, 
which  contains  some  hydrogen,  and  is  purified  by  exposure  to 
a  low  red-heat.  Silicon  is  infasible,  and  after  having  been 
ignited  in  close  vessels  it  is  so  compact  as  not  to  bum  when 
heated  even  in  oxy^n.  It  is  not  acted  on  by  any  acid  ex- 
cept the  hydrofluonc  acid,  which  slowly  dissolves  it.  A 
mixture  of  hydrofluoric  and  nitric  acids  acts  more  stronj^ly. 
When  silicon  is  fused  with  nitrate  or  carbonate  of  potash,  it  is 
oxidised  with  a  smart  deflagration.  It  is  heavier  than  oil  of 
vitriol. 

SILICON  AND  OXTOEN. 
Silicic  Acid.    Si  03  =  46-219. 
Syn.  Silica, — This  acid  is  found  pure  in  rock  crystal,  or  in 
white  quartz.    Along  with  small  and  variable  quantities  of 
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certain  metallic  oxides  it  fonns  many  well-known  minerala — 
as  yellow  or  smoke  rock  ciystal  with  oxide  of  iron ;  agate,  jasper, 
heliotrope,  camelian,  with  the  same  metal ;  amethyst  with 
oxide  of  manganese  ;  prase  with  oxide  of  nickel ;  rose-qnartz 
with  some  fagitive  colouring  matter ;  opal  and  calcedony  widi 
water,  &c.  &c.  Many  sands  and  sandstones  are  nearly  pure 
silica,  and  quartz  rock  and  flint  are  qnite  pure. 

Silicic  acid  may  be  obtained  in  a  state  of  parity,  from  any 
siliceous  sand,  by  fusing  it  with  three  or  four  parts  of  carbonate 
of  potash,  dissolving  the  fiased  mass  in  water,  adding  hydro- 
chloric acid,  which  separates  the  silica  as  a  lelly,  which  is  a 
hydrate  of  the  acid,  and  evaporating  the  whole  to  dryness. 
Water  removes  from  the  dry  mass  aU  soluble  chlorides,  and 
leaves  the  silica,  which,  when  dried,  is  a  snow-white  powder, 
insoluble  in  water,  and  all  acids  except  the  hydrofluoric  acid. 
It  dissolves  in  caustic  or  even  carbonated  alkalies  with  ihe  aid 
of  heat. 

Silicic  acid  combines  with  bases,  forming  silicates,  aU  of 
which,  except  those  containing  an  excess  of  the  stronger  alkalies, 
are  insoluble  in  water.  The  greater  number  of  rocks  and 
minerals  consist  of  silicates,  especially  those  of  alumina,  lime, 
magnesia,  oxide  of  iron,  potash,  and  soda.  The  silicates  of 
potash  and  soda,  when  heated  to  redness,  form  glass,  which 
when  the  acid  predominates  is  insoluble,  and  is  the  baas  of  all 
ordiaaiy  glass ;  when  the  alkali  is  in  excess,  the  glass  is  very 
soluble  in  water.  Many  silicates  found  in  nature,  as  the  zeo- 
lites, are  soluble  in  strong  acids ;  but  most  of  them  lose  their 
solubility  on  being  ignited.  Mim^,  such  as  felspar,  are  not 
attacked  by  acids,  even  before  ignition. 

No  compounds  are  known  of  silicon  withhydrogen  or  nitrogen. 

SILICON  WITH  CHLORINS  AND  BROMINE. 

When  silicon  is  heated  in  chlorine  it  bums  and  forms  a  com* 
pound,  which  is  better  prepared  by  passing  chlorine  over  a  red- 
hot  mixture  of  silicic  acid  and  charcoal.  Si  0.  -h  C,  +  CI,  =: 
SiCl3+3C0.  The  compound,  which  is  called  terohloride  of 
silicon,  condenses  in  the  cold  part  of  the  apparatus  as  a  very 
volatile,  pimgent,  and  colourless  liquid,  which  decomposes 
water,  forming  hydrochloric  and  silicic  acids :  Si  CI,  -f  3  HO  =s 
3HCH-Si,0. 

Bromine  yields  an  analogous  terbromide,  Si  Br , ,  the  properties 
of  which  are  similar  to  those  of  the  terchloride. 

Iodine  is  not  known  to  combine  with  silicon. 
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Silicon  and  Fluorine.     Si  F,=  78*22. 

Silicic  acid  is  rapidly  dissolved  by  hydrofluoric  acid,  and  a  gas 
is  produced,  which  is  found  to  be  a  terfluoride  of  silicon  :  Si  O, 
+  3HF  =  3H0  +  Si  F,.  This  gas  is  best  obtained  by  heat- 
ing a  mixture  of  powdered  fluor  spar  and  quartz  with  oil  of 
vitriol :  3  Ca  F  +  Si  0,  +  3  (HO,  SO,)  =  3  (Ca  O,  SO,)  4- 
3  HO  +  Si  F,.  The  gas  must  be  collected  over  mercury.  It 
is  colourless,  fuming  strongly  in  the  air,  its  Sp.  G.  3*66.  It  is 
absorbed  by  water,  and  hydrated  silicic  acid  is  deposited,  while 
an  acid  is  found  in  the  water  composed  of  3HF+2SiF,.. 
With  bases  this  acid  forms  salts,  called  silicofluorides,  the  for- 
mula of  which  is  3MF+2  Si  F,.  These  salts  aie  nearly  all 
insoluble,  and  when  heated  sive  off  terfluoride  of  silicon. 

The  aqueous  hydrofluosihcic  acid  is  used  in  chemistnr  to 
separate  potash,  with  which  it  forms  an  insoluble  salt,  nom 
certain  acids,  such  as  chloric  acid,  by  which  means  these  adds 
are  obtained  in  the  free  state.  It  is  also  used  as  a  test,  to  dis- 
tinguish between  compounds  of  barium  and  of  strontium,  as  it 
forms  after  a  short  time  a  crystalline  deposit  in  the  solntions 
of  the  former  base  only. 

Heated  with  sulphur,  silicon  combines  with  it,  forming  a 
white  earthy  compound,  Si  S..  It  decomposes  water,  yielding 
sulphuretted  hydrogen  and  silicic  acid :  SiS,+3HO=:3HS 
+SiO,. 


METALS. 
General  Observatioiis  on  Metals, 

In  the  arrangement  we  have  adopted,  all  the  elements  not 
hitherto  described  are  considered  metals,  although  some  of  them, 
especially  arsenic  and  tellurium,  are,  in  many  points,  very 
analogous  to  the  metalloids.  The  metals  are  42  in  number, 
exclusive  of  the  three  lately  announced  by  Mosander,  the  two 
announced  by  Rose,  and  one  discovered  by  Klaus,  which, 
if  established,  will  raise  the  number  to  48.  See  the  list  of 
elements,  page  2. 

A  metal  is  defined  to  be  a  body  possessing  the  peculiar 
appearance  called  the  metallic  lustre  (which  is  well  illustrated 
in  polished  silver  or  in  mercury),  and  capable  of  condacting 
well  both  heat  and  electricity.  All  the  metals  possess  this  com- 
bination of  characters,  but  in  other  physical  characters  they 
exhibit  great  variety.  We  shall  notice  the  following;  :^Sp6dfic 
Gravity,  Hardness,  Tenacity,  Fusibility,  and  Volatility. 

1.  Specific  Gravity.    The  densitv  of  metals  varies  from  0*865 
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(water  being  =s  1)  to  21 :  the  former  beinjf  the  Sp.  G.  of  potas- 
8iam^  the  latter  that  of  platinnm.  Iridium  is  said  to  he  still 
denser  than  platinum. 

2.  Hardness.  Some  metals,  as  potassium,  lead,  tin,  silver, 
&c.^  are  so  soft  as  to  be  easily  cut  with  a  knife ;  potassium  and 
sodium  ma]r  even  be  kneaded  in  the  fingers.  Others,  sudi  as 
iron,  nickel,  antimony,  &c.,  are  much  harder ;  and  a  few,  such 
as  rhodium  and  irimnm,  especially  the  latter,  possess  a  very 
high  degree  of  hardness, 

3.  Tenacity.  This  propjerty  is  present  in  yeiy  various  dmrees 
in  metals.  Some,  as  antimony,  oismuth,  cobalt,  have  so  uttle 
tenacity  that  they  are  brittle  and  may  be  powdered :  while 
othera  may  be  beat  out  into  thin  leaves,  or  drawn  into  fine 
wires.  Those  two  forms  of  tenacity,  malleability  and  ductility, 
are  lot  always  proportional  to  one  another ;  for  iron,  which  can 
only  be  beat  into  plates  of  a  very  moderate  thinness,  being,  of 
all  tke  malleable  metals,  the  least  malleable,  may  be  drawn  out 
into  very  fine  wires,  and  is  amon^  the  most  ductile  of  metals. 
Of  th9  malleable  meUds^  the  following  are  remarkable :  lead,  tin, 
copper,  palladium,  platmum,  silver,  and  gold.  The  last-named 
metal  may  be  beat  out  into  leaf  so  fine,  that,  althoufh  quite 
entire  and  free  from  visible  pores,  67  square  inches  of  me  nnest 
gold  leaf  will  not  weigh  more  than  1  grain.  Zinc,  which  is 
rather  brittle  at  ordinaiy  temperatures,  admits  of  bcong  roUed 
into  thin  plates  at  300°  and  400°.  The  most  ductile  metak  are 
letd,  copper,  palladium,  iron,  silver,  gold,  and  platinum. 
1  grain  of  gold  may  be  drawn  out  into  a  wire  660  feet  long,  and 

{£tinum  is  about  6  times  more  ductile,  according  to  Wollaston. 
n>n  wire,  although  not  the  finest,  is  stronger  than  vrire  of  equal 
diameter  of  any  other  metal. 

4.  Fusibility.  One  metal,  mercury,is  liquid  at  all  temperatures 
%bove~^3d°F.,  and  below  660°.  Some,  sudi  as  potassium,  sodium, 
&c.,  melt  at  a  very  moderate  heat :  others,  such  as  lead,  tin,  &c., 
at  temperatures  below  red-heat ;  others  at  a  strong  red  or  white 
heat,  such  as  copper,  nlver,  and  gold.  Some,  as  platinnm, 
rhodium,  &c.,  require  the  heat  of  the  oxygen  and  nydrogen 
blow-pipe  to  melt  them ;  and  one  at  least,  iridium,  appeals  to 
resist,  when  pure,  even  this  intense  heat. 

fi.  Volatility.  Some  metals  are  very  volatile  compared  with 
others.  Mercury  volatiliMS  slowly  at  all  temperatures  above 
80°  or  100°  F.,  and  below  its  boiling  point,  at  which  temperature, 
662°,  it  is  rapidly  converted  into  vapour.  At  the  other  extreme 
is  iridium,  wnich  is  quite  fuEed,  not  even  melting  in  the  strongest 
white  heat  yet  known.  The  following  metals  are  converted 
into  vapour,  or  they  boil,  at  temperatures  varying  from  a  low  to 
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a  bright  red-heat:  cadmiom,  zinc,  arsenic,  tellarinin,  potaaaiiiin, 
and  sodium.  Most  of  the  others  are  fixed,  although  some  of 
them,  in  the  flame  of  the  oxy-hydrogen  blow-pipe,  appear  to  be 
volatilised  in  small  quantity. 

The  chemical  relations  of  metals  are  very  important;  and  as 
there  runs  through  the  whole  class  a  great  analogy  in  this 
respect,  it  is  advisable  to  describe,  generally,  the  chemical 
characters  of  metals ;  by  which  means  we  are  enabled  to  render 
the  account  of  the  individual  metals  more  brief  and  more  easily 
remembered. 

Metals  have  powerful  affinities,  especially  for  the  metalloids, 
with  almost  all  of  which  they  combine,  and  frequently  in  several 
proportions.  In  addition,  therefore,  to  the  important  uses  of 
the  metals,  as  such,  the  useful  applications  of  a  large  nunber 
of  metallic  compounds  are  of  the  highest  interest  and  valns. 

Almost  all  the  metals  have  a  powerful  affinity  for  oxwen, 
and  all  of  them  may  be  made  to  combine  with  it.  In  like 
manner  the  metals  have  strong  affinities  for,  and  may  easily  be 
made  to  combine  vrith  chlorine,  bromine,  iodine,  fluorine  (to 
which  may  be  added  cyanogen),  as  well  as  sulphur,  seleiium, 
and  in  many  cases,  phosphorus  and  carbon  ;  in  a  few,  hyd*ogeh 
and  silicon.  Metals  also  combine  with  each  other.  Owbg  to 
the  extensive  range  of  these  affinities,  metals  are  rarel^r  iound 
uncombined,  or  native,  as  it  is  called,  and  the  operations  of 
metallurgy  are  chiefly  such  as  are  required  to  separate  metds 
from  the  compounds  in  which  they  occur,  which  are  called  their 
ores.  Oxygen,  in  the  atmosphere  and  in  water,  being  farmoie 
abundant  than  the  other  metalloids,  metals  are  chiefly  fouid 
oxidised,  and  are  therefore  commonly  extracted  from  the  or« 
by  processes  of  deoxidation,  or  reduction,  as  it  is  termed. 

MBTALS  WITH  OXYGEN. 

Metals  differ  in  the  degree  of  their  attraction  for  oxygen. 
Some  metals,  such  as  potassium,  rapidly  combine  with  oxygen 
when  exposed  to  the  air,  or  when  brought  in  contact  with  water 
or  with  any  other  oxidised  compound.  Others,  such  as  iron, 
are  very  slowly  oxidised  by  exposure  to  the  air  at  ordinary  tem- 
peratures, and  hardly  act  on  cold  water ;  but  at  a  strong  red-heat 
they  bum  in  the  air,  and  decompose  the  vapour  of  water,  setting 
free  hydrogen  gas.  Others  again  combine  with  oxygen  when 
heated  in  air,  but  do  not  decompose  water  at  all,  such  as  copper. 
These,  as  well  as  the  preceding,  are  in  general  easily  oxidised 
by  acids ;  and  their  attraction  for  oxygen  is  such  that  their 
oxides,  once  formed,  are  not  decomposed  by  a  red-heat  alone, 
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without  the  help  of  combustible  matter.  Finally,  some  metals, 
siidi  as  gold  and  silver,  &c.,  have  mnch  less  attraction  for 
oiy^ffen.  They  are  not  so  easily  or  directly  oxidised,  and  the 
oudea,  once  formed,  are  quite  easily  decomposed  by  a  red-heat, 
being  resolved  into  metal  and  oi^gen. 

When  metals  combine  with  oxygen,  they  form  three  classes 
of  oxides. 

1st.  Bases,  or  basic  oxides,  the  most  nsnal  formula  of  which  is 
MO ;  BQch  oxides  are  called  protoxides.  Besides  protoxides,  a 
pret^  numerous  class  of  basic  oxides  has  the  formula  M,  0^  : 
these  are  sesqnioxides.  A  very  few  basic  oxides  have  the  for- 
mula MO,  :  these  are  binoxides  or  deatoxides.  Potash,  KO, 
is  an  example  of  a  protoxide ;  sesquioxide  of  iron,  Fe,  O3,  of  a 
tesqnioxide,  and  deatoxide  of  tin,  SnO„  of  a  basic  dentoxide. 

All  basic  oxides  fonn  neutral  salts  by  combining  with  acids. 
In  ail  mch  cases  there  is  produced,  besides  the  neutral  salt,  a 
quantity  of  water,  the  oxygen  of  which,  according  to  the  most 
probable  view,  is  derived  from  the  metallic  oxide.  Its  hydrogen 
must  therefore  be  derived  from  the  acid,  and  in  the  case  of  the 
hydrogen  acids  with  simple  radical,  this  is  admitted  by  all.  For 
example,  when  potash,  KO,  acts  on  hydrochloric  acid,  HCl, 
the  change  is  umvensally  admitted  to  be  as  follows  : — 

KO  +  HCl  =  HO  +  KCl. 

That  is,  the  basic  oxide,  and  the  hydrogen  add,  give  rise  to 
water  and  to  chloride  of  potassium,  both  neutnil  substances. 
Neither  have  we  any  difficulty  in  adopting  the  same  view  in  the 
case  of  a  hjdro^n  add  with  a  compound  radical ;  for  example, 
hydrocyamc  acid : — 

KO  +  HCy=HO  +  KCy:  or,KO  +  H,CaN  =  HO  +  K,C,  N. 

But  when  we  brine  potash  in  contact  with  oil  of  vitriol  or 
strong  sulphuric  add,  most  chemists  are  inclined  to  adopt  a 
different  explanation  of  phenomena  precisely  analogous.  Tney 
call  the  acid  hydrated  sulphuric  add,  H0,S03,  ^^  express 
the  action  as  follows : — 

KO  +H0,S0,  =  H0  +  K0,S03. 

Here,  it  will  be  observed,  the  results  are  quite  similar  to  those 
in  the  preceding  cases  ;  namely,  the  separation  of  water,  and  of 
a  neutanl  salt,  m  this  case  sulphate  of  potash.  And  yet  we 
adopt  a  different  explanation,  at  least  on  the  older  view  of  adds 
and  salts,  snppodng  the  water  to  pre-exist  in  the  add,  and  to  be 
replaced  by  the  oxide.  As  it  is,  however,  quite  unphilosophical 
to  employ  two  explanations  of  analogous  facts  if  one  will  suffice, 
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we  9X9  Uras  indoced  to  prefer  the  newer  view  of  aeidB  and 
salts  formerly  alluded  to,  which  admits  of  our  giving  the  same 
e3q)lanation  of  the  two  cases.  According  to  tnis  view,  then, 
we  consider  oil  of  vitriol  a  hydrogen  acid,  H,  SO^,  and  express 
the  change  thus  : — 

KO  +  H,S04  =  H0  +  K,S04. 

On  comparing  this  with  the  equation  above  ffiven  for  the 
action  of  potash  oh  hydrocyanic  acid  in  its  second  fonn,  it  will 
be  seen  that  the  analogy  is  perfect  Both  acids  and  both  salts 
contain  a  oomponnd  acid  radical,  in  the  one  case  C,N,  in  the 
other  SO4  ;  and  both  differ  from  the  acid  and  salt  of  chlorine 
in  the  fsct  of  their  radicals  being  compound,  or  rather  ibioiM»  to 
be  compound :  for  chlorine  m&y  very  possibly  be  itself  a  com- 
pound radical,  although  at  present  we  must  view  it  as  simple, 
Secause  it  is  undecomposed. 

The  action  of  a  basic  sesquioxide,  and  of  a  basic  deutoxide, 
on  an  acid,  sa^  sulphuric,  is  represented  as  foUows  on  both  the 
different  theories  of  acids : — 

MjO,  +  3(HO,SO,)  =  3HO  +  MaO„880,: 

or, 

MgO,  +  3  (H,  804)  =  3  HO  +  Ma,3S04. 

M0,+  2(HO,80,)=2HO  +M0a,2S0,: 

or, 

MOa  +  2(H,80J=:2H0  +  14,280^. 

Here  we  see  that,  for  every  equivalent  of  oxygen  in  the  base, 
an  equivalent  of  acid  is  required  to  form  a  neutral  salt ;  and 
that,  on  the  new  view,  the  resulting  neutral  salts  are  com- 
pounds corresponding  to  the  basic  oxides  from  which  they  are 
formed.    Thus  we  have — 

Baaic  Oxide*  Corresponding  Neatral  Salt. 

M   +  O  .  .  M    +    SO4,  or  iu  general  terms,  M    +  B 

M.  +  O,  .  Ma+SSO^  „        „  Mg  +  R, 

M   +0a  .  M    +280^  „        „  M    +  R, 

Such  are  the  most  important  chemical  relations  of  the  basic 
oxides,  which  include,  among  the  protoxides,  the  strongest 
alkalies  and  alkaline  earths. 

2nd.  Neutral  or  indifferent  metallic  oxides.  These  appear, 
by  combining  with  an  additional  quantity  of  oxygen,  to  have 
lost  the  basic,  without  acquiring  the  acid  character.  Thej 
commonly  enter  into  few  combinations  of  any  kind.  Their 
composition  varies,  being  sometimes  M,  0«,  and  sometimes 
MOy.  Red  oxide  of  lead,  Pb,  0^,  is  an  example  of  the 
fanner;   hyperoxide   of  manganese,  MnO,,  of  the  latter. 


XBTALUC  ACIDS.  139 

When  heated  with  acicU,  oxygen  is  pYen  off,  while  a  basic 
oxide  is  formed,  and  acts  on  the  acid  as  above,  fonninff  a 
neutral  salt.  Thnsy  peroxide  of  manganese,  heated  with  ou  of 
vitriol,  gives^ 

MnOj  +  HO,80,  =  MiiO,SO,  +  HO  +  O: 

or, 

MnOa  +  H,80^  =  Mii,S0^  +  HO  +  O. 

3rd.  Metallic  acids.  These  are  pretty  nnmeroiis.  When 
the  same  metal  fonns  a  buic  oxide  and  an  acid,  the  latter 
always  contains  more  oxygen.  There  are  sevenl  different 
formnlsB  among  metallic  acids.  They  are  sometimes  ses- 
qnioxides^  as  As,  O^arsenions  add  ;  sometimes  dentoxides,  as 
titanic  acid,  Ti  0, ;  veiy  often  teroxides,  as  chromic  acid,  GrO, ; 
oecaaionallv  -f  oxides,  as  arsenic  acid,  As,  0.  ;  and  in  one 
case  a  anaoroxide,  as  osmic  acid,  OsO  . 

Metallic  acids,  when  heated,  generally  lose  oxygen,  and  are 
reduced  to  the  basic  oxide  ;  this  takes  place  espeoally  if  they 
are  heated  with  acids.  Thus  manganic  acid,  MnO  ,  heated 
with  solphnric  acid,  yields  oxygen  gas  and  nentral  sulphate  of 
the  protoxide. 

MnO,  +HO,S03=zMnO,SO,  +  HO  +  0,: 

or, 

MnO^  +  H,S04=:Mn,S04  +  HO  +  O,. 

When  we  wish  to  form  metallic  adds,  we  commonly  heat  or 
deflagrate  the  metal,  or  its  lower  oxides,  along  with  an  alkaline 
nitiate  or  chlorate,  in  which  case  the  acid  that  is  formed  re- 
mi^ins  in  combination  with  the  alkali.  Or  chlorine  gas  is  passed 
thorough  water  in  which  the  oxide,  in  fine  powder,  is  suspended 
sometimes  alons  with  an  alkali,  sometimes  alone. 

When  our  object  is  to  deprive  metals  of  the  oxygen  with 
which  the^  are  combined,  or  to  reduce  them,  as  it  is  odled,  to 
the  metallic  state,  different  methods  are  followed,  according  to 
the  attraction  of  Uie  metal  for  oxygen. 

1.  The  oxides  of  the  noble  metals,  such  as  mercury,  silver, 
gold,  platinum,  &c.  are  reduced  by  a  red-heat  alone. 

2.  The  oxides  of  a  large  number  of  metals,  such  as  copper, 
iron,  tin,  barium,  or  potassium,  can  only  be  reduced  by  the 
united  action  of  heat  and  combustible  matter,  such  as  carbon, 
hydn^gen,  &c.  The  change  ia as  follows :  M O  +C=M-f  CO  ; 
or  Mu  +  H=M+HO.  ul  the  former  case  caibonic  oxide  gas, 
in  the  latter  water,  is  produced,  and  being  expelled  by  the  heat, 
leaves  the  metal  pure.  The  use  of  carbon  for  reduction  is  the 
foundation  of  all  the  metalluigic  processes  on  the  laiige  scale. 
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Afl  the  ores,  however,  are  not  pure,  substances  called  fluxes  are 
added  to  cause  the  impurities  to  melt,  forming  a  fluid  glass, 
below  which  the  melted  metal  is  found. 

Perhaps  the  most  powerfal  reducing  or  deoxidising  com> 
pounds  at  a  red-heat  are  the  formiates,  and  cyanide  of  potaa- 
siuuL  Theformulaof  aformiateis  MO,  C,  HO,=MO+H0, 
2C0:  so  that  it  yields  at  a  red>heat  carbonic  oxide  gas,  a  bod^ 
having  much  attraction  for  oxygen.  Cyanide  of  ^tassium  is 
K  Cy =K,  C,  N ;  and,  as  Liebig  has  pointed  out,  it  combines 
the  veiy  powerful  deoxidising  agency  of  carbon  and  of  potas- 
sium.   Its  reducing  power  is  very  great. 

3.  The  oxides  of  the  metals  of  some  of  the  alkalies  and 
earths,  whose  attraction  for  oxygen  is  very  strong,  and  which 
are  with  difficultv  reduced  in  any  other  way,  are  decomposed 
by  a  powerful  galvanic  battery  so  as  to  3rield  the  metals.  This 
is  only  done  on  a  very  small  scale. 

4.  Many  oxides  in  solution  are  reduced  to  the  metallic  state 
by  other  metals  having  a  stronger  attraction  for  oxygen,  which 
take  the  place  of  the  metal  previously  in  solution.  Thus 
copper  precipitates  silver,  and  iron  precipitates  copper. 

5.  Many  oxides  in  solution,  that  is,  combined  witn  acids,  are 
reduced  to  the  metallic  state  by  what  are  called  deoxidising 
agents.  Thus  the  noble  metals,  such  as  gold,  platinum,  &c., 
are  reduced  by  sulphurous,  phosphorous,  and  hypophosphorous 
acids  and  their  salts ;  by  oxalic  and  formic  acids  and  their 
salts  :  gold  is  even  reduced  by  hydrogen  gas  and  by  solutions  of 
protosalts  of  iron,  such  as  green  vitriol.  In  all  these  cases  the 
reducing  or  deoxidising  agent  is  oxidised ;  phosphorous  add, 
for  example,  yielding  phosphoric,  and  protoxide  of  iron  passing 
into  peroxide,  at  the  expense  of  Uie  metallic  oxide. 

The  electrotype,  in  which  copper,  silver,  gold,  or  platinum 
are  reduced  to  the  metallic  state  in  such  a  way  as  to  form 
coherent  masses  similar  to  the  hammered  metals,  and  by  which 
the  most  beautiful  and  perfect  copies  of  medals  may  be  taken, 
is  a  process  depending  partly  on  the  reducing  acency  of  the 
galvanic  battery,  partly  on  that  of  hydrogen  gas,  which,  instead 
of  escaping  uncombined  at  the  negative  pole,  is  then  oxidised 
at  the  expense  of  the  metallic  oxide.  In  this  process,  which 
is  minutely  described  in  works  devoted  to  the  subject,  it  is 
essential  that  the  electric  current  should  be  slow  and  uniform, 
otherwise  the  metal  is  deposited  in  different  states.  Plating 
and  gilding  by  this  process  have  a  beautiful  appearance,  and  are 
perfectly  adapted  for  objects  not  subjected  to  much  wear  or 
friction. 
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MBTALS  WITH  BTDROOXN. 


Only  a  few  metals  unite  with  hydrogen,  and  these  form 
gaseous  and  combustible  compounds  not  yet  known  in  a  pure 
state,  but  only  in  a  state  of  mixture  with  hydrogen  ^.  The 
following  metals  only  are  as  yet  known  to  combine  with  hydro- 
gen : — zmc,  potassixmi,  arsenic,  antimony,  and  tellurium. 


IfSTALB  WITH  NITROGEN. 


Until  lately  metals  were  not  known  to  combine  with  this 
element ;  but  we  are  now  acquainted  with  compounds  of  nitrogen 
with  copper,  chromium,  and  mercury.  These  compounds  are 
black  or  dark-brown  powders,  which  may  be  obtained  by 
passing  dry  ammoniacai  gas  over  the  oxides  of  the  metals,  gently 
heated,  water  being  at  the  same  time  produced  and  nitrogen  gas 
liberated .  Thus,  when  oxide  of  copper  is  acted  on  by  ammonia, 
wehave6CuO  +  2NH3=6HO  +  NCu,-hN.  Liketheoom- 
pounds  of  nitrogen  with  chlorine  and  iodme,  these  compounds 
are  easily  made  to  explode,  their  elements  separating  with 
violence,  and  with  a  flash  of  light,  by  a  gentle  heat  or  mction, 
or  ipercussion.  It  is  possible,  or  indeed  probable,  that  fulmi- 
nating gold  and  silver,  prepared  by  the  action  of  ammonia  on  the 
oxides  of  these  metaJs,  and  the  explosive  tendencies  of  which 
render  them  so  ver^  dangerous,  are  in  reality  the  compounds 
of  the  metals  with  nitro^n.  These  must  be  distinguished  from 
the  other  fulminating  silver  which,  like  fulminating  mercuiy, 
is  a  compound  of  oxide  of  the  metal  with  fulminic  acid. 

METALS  AND  CHLORINE. 

The  attraction  or  affinity  between  chlorine  and  metals  is  very 
strong.  Many  metals,  such  as  potassium ,  copper,  cold,  antimony, 
&c.,  combine  instantaneously  with  chlorine  without  tbe  aid  of 
heat,  but  with  the  phenomena  of  combustion.  Others,  such  as 
mercury,  &c.,  bum  in  chlorine  only  when  they  are  heated  in  the 
gas.  By  combining  with  chlorine,  metals  give  rise  to  chlorides, 
vrhich  may  often  be  more  advantageously  formed  by  other 
means  than  hjr  direct  combination  with  the  gas.  Other 
methods  of  obtaining  chlorides  are  the  following : — 

1.  Chlorine  gas  is  passed  over  the  oxide  or  snlphuret  of  the 
metal  heated  to  redness.  In  many  cases  the  affinity  of  chlorine 
prevails,  and  the  oxygen  or  sulphur  is  expelled.  MO  -f  CI  = 
MCl-hO. 

2.  Hydrochloric  acid  gas  is  passed  over  the  oxide  or  th« 


142  REDUOTIOB  OF  CHLOBIDBS. 

solphnret  heated  to  low  redness.  Here  the  affinity  of  hydrogen 
for  oxygen  or  sulphur^  added  to  that  of  chlorine  for  the  metal, 
effects  decomposition  which  chlorine  alone  could  not  accom- 
plish.   M04-HC1=MC1-|-H0:MS-|-HC1=MC1-|-HS. 

3.  To  the  solution  of  an  oxide,  in  water  or  in  acids,  hydro- 
chloric acid  or  a  soluble  chloride  are  added.  If  the  metal  lonns 
an  insoluble  chloride,  that  is  at  once  precipitated,  showing  that 
the  change  must  be,  as  in  the  case  of  the  dry  gas,  M  0  +  HC1=: 
MCl+HO.  If  the  metal,  as  in  the  case  of  potassium,  forms  a 
soluble  chloride,  then  the  addition  of  hydrochloric  acid  causes  no 
Visible  change ;  but  on  evaporation,  crystals  are  deposited,  which 
are  generally  found  to  be  of  a  chloride,  and  free  rrom  or^gen  or 
hydrogen.  Thus,  potash,  K  O,  with  hydrochloric  acid,  H  CI, 
undergoes,  in  solution,  no  change  of  appearance  at  first ;  but  on 
evaporation  yields  cubical  crystals,  which  are  found  to  be  K  CI. 

4.  Some  metals,  as  gold  and  platinum,  are  converted  into 
chlorides  i)y  dissolving  them  in  aaua  regia,  or  nitro-muriatic 
acid,  and  evaporating  gently  to  drpess  with  an  excess  of 
hydrochloric  acid.    The  dry  residue  is  pure  chloride. 

When  metals  are  combined  with  chlorme  they  may  be  reduced 
to  the  metallic  state  by  various  means. 

1.  Some  chlorides  are  reduced  by  heat  alone,  which  expels 
the  chlorine.  This  is  the  case  with  almost  a]l  tne  chlorides  of 
the  noble  metals. 

2.  Other  chlorides  are  reduced  by  the  action  of  another  metal. 
Thus,  chloride  of  platinum  or  chloride  of  silver  is  reduced  by 
means  of  zinc. 

3.  Many  chlorides  are  reduced  by  hydrogen  gas  at  a  red-heat, 
but  not  by  charcoal,  as  oxides  are. 

4.  The  chlorides  of  the  noble  metals  are  reduced  by  boiling 
their  solutions  with  a  formiate ;  those  of  gold  and  platinum 
also  by  the  protosulphate  of  iron.  Chlorides  may  also  be 
reduced  by  fusion  with  formiates  or  with  cyanide  of  potassiam* 

What  has  been  said  of  the  relation  of  metals  to  chlorine 
applies  almost  exactly  to  their  relations  with  bromine,  iodine, 
fluorine,  and  cyanogen,  which  in  its  combination  with  metals 
plays  the  part  of  a  salt  radical,  entirely  analogous  to  chlorine. 

The  chlorides,  bromides,  iodides,  and  cyanides  of  metals  are 
true  salts,  for  the  most  part  neutral  salts.  Indeed,  sea  salt,  the 
type  of  all  salts,  is  chloride  of  sodium,  Na  CI.  None  of  these 
compounds  possess  decided  acid  or  basic  characters ;  bni  the 
chlorides,  &c.,  are  capable  of  combiniug  together  and  forming 
double  chlorides,  &c.,  which  have  been  compared  by  Bonsdorff 
to  oxygen  salts.    Thus  viewing,  as  he  did,  cnromate  of  potash, 
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K  O,  Gr  0^  as  an  oxygen  salt,  he  viewed  the  following  com* 
poimd,  K  Vi,  Hg  Cly,  as  a  chlorine  salt.  The  former  contains, 
according  to  him,  an  oxygen  acid,  CrO,,  and  an  oxygen  base, 
K  0 ;  the  latter,  a  chlorine  acid  (bichloride  of  mercnry),  HgCl  ^, 
and  a  chlorine  base,  K  CI,  (chloride  ofpotassinm).  But  it  is  to 
be  observed  that  neither  K  CI  nor  Hg  CI,  have  basic  or  add 
properties ;  they  are,  on  the  contrary,  neutral  salts,  and,  accord- 
ing to  the  more  probable  views  now  beginning  to  prevail  as  to 
the  tnie  nature  of  salts,  which  are  considered  comj^nnds  of 
metals  with  salt  radicals,  the  compound  K  Cl+Hg  CI,  is  viewed 
as  a  double  salt.  The  same  view  applies  to  a  mjse  number  of 
analogous  double  chlorides,  bromides,  iodides,  fluorides,  and 
cyanides. 

XKTALS  WITH  SULFBITB. 

All  the  metals  are  capable  of  combining  with  sulphur,  and 
many  metallic  sulphurets  are  found  native:  those  of  iron, 
copper,  lead,  antimony,  zinc,  and  bismuth  in  abundance :  thoSe 
of  mercury,  silver,  cadmium,  and  some  others,  more  snaringljr. 

Most  metals  when  heated  along  with  sulphur  comoine  with 
it ;  but  in  many  eases  sulphurets  are  obtained  by  the  action  of 
sulphur  compounds  on  the  oxides^  or  by  the  deoxidation  of 
sulphates. 

1.  When  an  oxide  is  exposed  to  the  action  of  sulphuretted 
hydrogen  gas,  aided  by  heat,  water  and  a  sulphuret  are  formed, 
MO+HS=HO+MS.  The  same  change  takes  place  when  a 
solution  of  sulphuretted  hydrogen  or  a  current  of  the  gas  is 
made  to  act  on  solutions  of  oxides  in  acids.  The  sulphurets  of 
the  following  metals  may  be  thus  obtained,  being  all  insoluble 
in  water : — 

Group  I.  Metals,  the  oxides  of  which,  in  add  solutions,  are 
precipitated  as  sulphurets  by  sulphuretted  hydrogen. 


Cftdmiuin   < 
Lead      . 
Bismiith 
Copper  . 
Silver 

PaUadium 
Rhodium 
Oamium 
TeUttriam 


Colour  of  Precipitate. 

.  Orange. 

.    .  Black. 

.  Black. 

.     .  Black, 

.  Black. 

.     .  Black. 

.  Black. 

.    .  Black. 

.  Black, 

.    .  Yellow. 


Metala. 
Platinum  . 
Iridium 
Gold 

Tin,  protoxide 
Tin,  peroxide 
Antimony  . 
Molybdenum 
TnngBten 
Vanibdinm 
Anenic 


Cohnur  of  Predpttate. 
.     Black. 
.     Black. 
.     Black. 

•  Brown. 
.    Yellow. 

•  Reddiflh  orange. 
.     Brown  or  red. 

.    Brown. 
.     Dark  brown. 
Orange  yellow. 


The  other  metals  are  not  precipitated  by  sulphuretted  hydro- 
gen, but  the  following  yield  sulphurets  when  their  oxides  in 


MeUls.  Colour  of  PredpiUte. 

Cobalt  .  .     Black 

Nickel    ....    Black* 
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solution  are  acted  on  by  hydrosulphnret  of  ammonia  (sulphuret 
of  ammonium),  or  by  a  soluble  metallic  sulphuret : — 

Group  II.  Metals,  the  oxides  of  which  are  precipitated  as 
Bulphurets  by  soluble  sulphurets,  although  not  by  sulphuretted 
hydrogen. 

MeUls.  Colour  of  Predplteta. 

Iron   .  Black. 

Manganese  .        Flesh  colour. 

Zinc  .        .  .     White. 

The  remaining  metals,  those  of  the  alkalies  and  earths,  form 
a  third  group,  the  sulphurets  of  which  being  soluble  do  not 
appear  as  precipitates. 

2.  When  a  sulphate  of  a  metallic  oxide,  MO,  SO,,  or  M, 
SO^,  is  acted  on  b^  hydrogen  or  carbon  at  a  strong  red-heat,  it 
is  entirely  deoxidised,  and  the  sulphuret  of  the  metal  is  left. 
Thus,  if  sulphate  of  baryta,  KO,  SO,,  or  K,  SO 4,  be  mixed 
with  about  one-sixth  of  its  weight  of  charcoal,  and  exposed  for 
two  hours  to  a  bright  red-heat  m  a  vessel  closed,  except  where 
a  small  aperture  is  left  for  the  escape  of  gaseous  matter,  car- 
bonic oxide  is  given  off  and  sulphuret  of  barium  is  left ;  Ba  0, 
SO,  +  C    =  4  CO  +  Ba  S. 

The  sulphurets  of  each  metal  are  commonly  equal  in 
number  and  analogous  in  composition  to  its  oxides.  Metallic 
sulphurets  unite  together,  as  oxides  do,  and  produce  double 
sulphurets  or  sulphur  salts,  which  are  closely  anal<^ous  to 
oxygen  salts. 

Thus  we  have — 


Oxygen  Salta.  Salphw  Salts. 
Oxygen  Adds.    Oxygen  Base.  Snlphnr  Aeids.    SulphorBase. 
With  Molybdenum  Mo    O,  +     KO                Mo  S3   +     KS 
With  Anenic       .  As,  O^  +     K  O                As,  S,   +     K  S 
.     .  As,  Da  +    3K0                ASgSa   +    3KS. 

Of  course,  if  we  view  the  oxygen  salt.  As,  O,,  3  KO,  for 
example, as  a  compound  of  a  metal  with  a  salt-radical.  As,  O,, 
K,,  the  corresponding  sulphur  salt.  As,  S^ , 3  KS,  becomes  As^ 
S,,  K3 .  The  analogy  between  the  compounds  of  sulphur  with 
metals,  and  those  of  oxygen  with  the  same  bodies,  has  been 
shown  by  Berzelins  to  be  very  complete. 

With  selenium  and  tellurium  metals  form  compounds  very 
analogous  to  the  sulphurets. 

With  phosphorus  some  metals  combine  and  yield  compounds 
called  phosphurets,  few  of  which  are  known.    The  alkaline 

•  Alanuna  is  precipitated  white  by  soluble  sulphurets,  but  the  pre- 
cipitate ii  not  sulphuret  of  the  metal,  but  only  hydiated  oxide. 


s: 
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phosphurets,  as  those  of  barimn  and  calcium,  yield  by  the 
action  of  water  phospharetted  hydrogen  gas,  which  takes  fire 
spontaneously. 

Metak  combine  in  several  cases  with  carbon,  forming  com- 
pounds which  are  called  carburets.  They  are  §^erally  brittle 
solids,  and  the  only  nsefol  carburets  are  those  of  iron,  whid^ 
are  two  valuable  compounds,  steel  and  cast  iron. 

As  all  the  comnounds  of  metals  with  chlorine,  bromine, 
iodine,  fluorine,  sulphur,  and  selenium,  contain  along  with  the 
metal  a  radical  which  forms  an  acid  by  combining  with 
hydrogen,  while  the  metal  senerally  forms  a  base  with  oxygen, 
the  question  arises  what  talces  place  when  such  metallic  com- 
pounds are  dissolved  in  water  f  Does  the  metal  seize  the  oxy- 
gen, and  the  radical  the  hydrogen  of  an  equivalent  of  water, 
and  do  the  acid  and  base  thus  produced  combine  toji^er  ? 

In  the  case  of  an  insoluble  chloride,  such  as  that  of  silver, 
yre  know  that  the  hydrochloric  acid  does  not  combine  with  the 
oxide  when  both  are  mixed  in  solution,  for  the  precipitate  is 
found  to  be  A^  CI.    Here  the  oxygen  of  the  base  and  the  hydro- 

in  of  the  acid  must  have  formed  water :  Ag  O  +  H  CI  =: 

O  +  Ag  CI. 

But  when  hydrochloric  acid,  H  CI,  is  mixed  with  potash, 
KO,  or,  what  comes  to  the  same  thing,  when  chloride  of 
potassium,  K  CI,  is  dissolved  in  water,  what  is  the  compound 
present  in  the  liquid  t  Is  it  K  CI  simply  dissolved  as  such  f 
or,  is  it  a  salt,  K  O  +  H  CI?  We  know  that  the  liquid,  if 
evaporated,  yields  crystals  of  K  CI,  but  it  is  possible  that  this 
compound  may  be  formed  by  the  force  of  cohesion  when  it 
crystdlises,  and  maj  not  be  previously  present. 

The  general  opimon  of  chemists  is  that  in  most  cases  soluble 
chlorides,  sulphurets,  &c.,  dissolve  as  such  in  water ;  but  that 
in  some  cases  the  hydrogen  acid  does  appear  to  combine  with 
Uie  oxide. 

If  K  CI,  in  dissolving,  decomposes  water,  and  forms  K  O  + 
H  CI,  then  we  must  admit  thatm  the  act  of  crystallising,  when 
K  CI  separatee,  water  is  again  recomposed.  These  continual 
decompositions  and  recompositions  of  water,  without  any  visible 
change  of  properties,  are  so  improbable  that  in  most  cases  we 
cannot  admit  their  occutrence. 

But  there  are  cases  in  which  the  solution  of  a  chloride,  &c., 
is  attended  with  a  change  of  properties.  Thus,  chloride  of 
magnesium  and  chloride  of  aluminum  when  dissolved  in  water, 
cannot  again  be  obtained  in  the  anhydrous  form.  On  cvukh 
ration  oxide  of  magnesium  or  of  aluminum  are  left,  wmle 
hydrochloric  acid  esci^es.     Again,  diy  lesquichloride   of 
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chromium  is  peach-coloured,  bat  its  solution  is  deep  green,  the 
eolour  of  all  solutions  containing  sesquioxide  of  chromium ;  dir 
chloride  of  cobalt  is  blue,  and  its  solution  is  pink,  like  all  edi- 
tions containing  oxide  of  cobalt. 

In  these  and  a  few  more  similar  cases,  we  can  hardly  doubt 
that  water  is  decomposed  when  a  chloride,  &c.,  is  diaeolTed ; 
but  in  the  sreat  majority  of  cases  we  have  no  evidence  of  this; 
and,  therefore,  it  may  be  laid  down  as  a  geiieral  rule  that 
chlorides  and  analogous  compounds  dissolve  as  snch  in  water, 
and  that  hydrogen  acids  mutually  decompose  metallic  oxides, 
yielding  water  and  compounds  of  the  metal  with  the  ladicai 
of  the  hydrogen  acid.  To  this  rule  there  are  some  exoeptioiis; 
some  chlorides,  &c.,  in  dissolving,  decompose  water,  pTodncing 
a  hydro^n  acid  and  an  oxide  ;  and  hydrogen  acids  are  capable 
of  combining  with  some  oxides  without  mutual  deeompositioiu 
the  compounds,  however,  not  being  very  stable. 

MSTALS   WITH   METALS. 

Metals  are  capable  of  combining  together,  and  ibrmin; 
compounds  which  retain  the  metallic  character,  and  many  of 
which  are  highly  useful.  They  are  called  alloys,  except  where 
mercury  is  one  of  the  metals,  when  they  receive  the  name  <^ 
amalgams.  Thus,  brass  is  an  alloy  of  copper  and  sine; 
pewter  an  alloy  of  lead  and  tin ;  Oerman  silver  an  alloy  of 
copper,  zinc,  and  nickel.  The  metal  used  for  silyering  the 
backs  of  mirrors  is  an  amalgam  of  tin  and  lead ;  that  is,  it  oob- 
tains  mercury  with  these  metals.  The  allojrs  will  be  brieflj 
described  hereafter* 

The  progress  of  modem  chemistry  has  added  largely  to  the 
number  of  the  elementary  metals.  Before  the  middle  of  lasi 
century  the  metals  known  were  only  such  as  had  Ions  bees 
used  in  the  arts  or  in  medicine,  and  did  not  exceed  twelve  ic 
number.  From  that  period  many  new  metals  were  gradually 
discovered  in  the  mineral  kingdom;  and,  in  1807,  Davy^ 
discovery  of  the  metals  of  the  alkalies  at  once  added  a  nume- 
rous class  of  metals  to  the  list.  Wollaston  and  SmithaoB 
iTennant  had  previously,  in  1803,  discovered  the  four  remark- 
able metals  associated  with  platinum  in  its  ores.  The  wMs 
number  of  ascertained  metals  is  now  forty-two ;  and  within  the 
last  year  or  two,  Mosander  has  announoea  the  discovery  of  three 
new  metals,  accompanying  cerium  and  yttrium,  Rose  tliat  of  two. 
associated  with  columDium,  and  Klaus  that  of  one  more  in  the 
ore  of  platinum.  These,  if  established,  will  raise  the  number  to 
forty-eight. 

In  considering  the  metals  individually,  we  shall  anaqge  i 
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in  mapa  or  ckBseSy  according  to  their  affioiitieB  for  oxygen  and 
to  their  chemical  lelationa. 

Clabb  I.  indndea  twelve  metals,  subdiyided  into  three  well- 
xoaifced  orders. 

Order  1.    Metals  of  the  alkalies  proper,  namely— 
Potaaiam.  Sodium*  Tiithimnr 

These  metals  have  so  strong  an  affinity  for  oxygen  that  they 
aie  npidly  oxidised  by  exposure  to  the  air,  and  decompose  water 
with  violence,  disen^^iging  hydrogen  gas,  which  generally  takes 
fire.  Their  oxides  are  poweifdl  bases  or  alkalies,  veiy  soluble 
m  water  and  very  canstic. 

Order  S.    Metals  of  the  alkaline  earths,  namely— 
Buiom.  Strontium.  Calcium.  Magnerium. 

These  metals  have  also  a  veir  strong  affinity  for  oi^gen, 
and,  except  magnesiom,  they  aecompose  water  at  ordmaiy 
tempeiatores,  but  without  flame.  Their  oxides  are  powerful 
lasn,  but  less  soluble  and  caustic  tha^  the  alkalies ;  indeed^ 
oxide  of  magnesium  is  insoluble.  As  they  are  thus  interme*- 
^uite  between  the  alkalies  and  the  earths  proper,  they  are  called 
alkaline  earths. 
Order  3.    Metals  of  the  earths  proper,  namely — 

AlnmiiiiiTti.  Glucinum.  Yttrium* 

Thorium.  Ziiconium. 

These  metals  do  not  decompose  water  at  ordinary  tempera- 
torn,  but  bum  in  air  when  heated,  forming  oxides,  which  are 
Isai  powerful  bases  than  the  precediiuf ;  and  being  quite  inso- 
luble in  water  and  earthy  in  aspect,  uey  are  called  the  earths. 

CiASS  II.  includes  30  metals ;  which  are  also  subdivided 
into  three  orders.  All  these  metals  combine  with  oxygen,  ana 
in  general  their  protoxides  are  insoluble  and  of  an  earthy 
aipect,  but  coloured,  and  have  basic  characters,  in  manv  cases 
veiv  powerfuL  A  considerable  number  of  these  metals  form 
ados  with  a  larger  proportion  of  oxygen.  This  class  contains 
an  the  heavy  metals,  and  all  those  which,  from  their  mallea- 
Inlity,  dnctiii^,  &c.,  have  long  been  used  hy  mankind. 

Cirder  1.  Metals,  the  protoxides  of  which  are  powerful 
bases,  but  which  do  not  decompose  water  unless  with  the  aid 
of  a  led-heat ;  namely — 

Haagueaa  Tin.  Cobalt 

Zinc*  Caidmium.  NickeL 

Iron. 

Order  2.    Metals  which  do  not  decompose  water  at  any  tern- 
l2 
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penttnre ;  but  the  oxides  of  which,  onee  formed,  eaxmot  bs 
reduced  by  heat  alone :  namely — 

Anenie  Columbinm.  BiimaUi. 

Chromium.  Antimony.  TiUmiam. 

Vanadium.  Uranium.  Tellurium. 

Molybdenum.  Cerium  ?  Copper. 

Tungsten.  Tiuitaniiim  ?  Lnd. 

It  is  dottbifol  whether  cerium  and  lantaninm  do  not  bdong 
to  the  preceding  order,  to  which  also  belong,  in  all  probability, 
the  three  new  metals  of  Mosander,  didyminm,  erbiiun,  and 
terbium. 

Ordmr  3.  Metals,  the  affinity  of  which  for  oxygen  is  so  feehk 
that  their  oxides  are  reduced  by  a  red-heat :  namely, 

Mercury.  PUtinum.  Oiminm. 

Silver.  Palladium.         Iridium. 

Ck>ld.  Rhodium.  Butheniom? 

Owing  to  the  comparatively  feeble  affinity  for  oxygen  of  i 
these  metaJs^  they  have  no  tendency  to  rust  when  expoaed  to  j 
tiie  air,  as  iron  does,  for  exainple,  from  its  strong  attzactioB 
for  oxygen.  Hence  they  retain  Uie  brilliant  lustre  of  their 
polii^ed  sur&ce,  and  do  not  wear  by  exposure  to  the 
air.  They  are  therefore  often  called  the  noble  or  preciooi 
metals. 

We  now  proceed  to  the  description  of  the  separate  metslS) 
which  may  be  made  very  brief  m  consequence  of  our  haviu 
so  minutely  described  the  general  chemical  chairacten  of 
metallic  IxMlies,  the  analogy  among  which  is  so  great  that 
the  description  of  one  is  applicable,  with  but  little  change, 
to  the  others. 


METALS.— CLASS  I. 

Ordxb  1^— Mbtals  of  thx  Alkaliks  Proper. 

14.    Potassium.    K  =  3dl5. 

Stn.  KaXwim, — This  metal  occurs  chiefly  in  the  ashes  of 
land  plants  as  oxide  or  potash  united  to  carbonic  add ;  it  is 
also  found  as  chloride  m  the  ashes  of  sea  plants.  Manv 
abundant  rocks,  such  as  felspar  (with  all  its  derivatives,  and 
as  days),  and  mica^  besides  many  simple  minerals,  omtain 
potash  in  considerable  quantity.  It  is  contained  also  in  most 
fertile  soils,  being  necessary  to  the  growth  of  plants,  in  the 
form  of  potash.     Potassium  was  disoovwed  in  1^7,  by  IMvy, 
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wbo  obtained  it  by  tbe  action  of  a  powerfiil  galvanic  batteiy 
on  bydxate  ofpotash,  KO,  HO.  At  the  negative  pole  oxygen 
was  given  ofi,  and  at  the  positive  pole  appeared  hydrogen^ 
derived  firom.  Uie  water  of  the  hydrate,  along  with  the  globules 
of  a  metal  resembling  mercniy,  which  took  fire  in  the  air  and 
burnt,  reproducing  potash.  This  expensive  and  troublesome 
method  has  long  been  abandoned,  and  potassium  is  now 
prepared  by  the  action  of  charcoal  at  a  white  heat  on  car- 
boiate  of  potash,  KG,  CO.. 

A  mixture  of  carbonate  of  potarii  with  finely  divided  char- 
coal is  first  prepared  by  igniting  cream  of  tartar  in  a  covered 
crudble,  wmch  leaves  such  a  mixture,  well  known  as  the  black 
flux.  This,  while  still  warm,  is  mixM  with  a  considerable  pro- 
portion  of  charcoal  in  coarse  powder  and  small  fragments  recently 
Ignited  and  allowed  to  cool  iii  a  covered  crucible.  The  whole 
is  now  introduced  into  one  of  the  hammered  iron  bottles  used 
lor  holding  mercuiy,  coated  outside  with  a  mixture  of  sand  and 
day.  The  bottle  is  placed  horizontally  in  a  wind  furnace,  and 
a  short  vride  tube  of  iron  is  fitted  to  it,  to  which  tube  is 
attadied  a  copper  receiver,  partly  filled  with  gqod  na{>htha, 
and  having  a  diaphragm  of  copper,  and  on  the  further  side  of 
the  receiver  an  aperture  for  tne  escape  of  gas,  opposite  the 
tube  of  the  bottle ;  so  that,  if  necessary,  a  strong  steel  rod  may 
he  introduced  through  this  aperture  and  another  in  the  upper 
part  of  the  diaphragm  into  the  tube,  for  the  puipose  of  clean- 
ing it  out,  as  it  is  apt  to  become  choked.  The  receiver  with 
the  ni^htha  being  suirounded  with  ice,  a  steady  and  uniform 
atimiff  red  or  wmte-heat  (by  means  of  dry  wood,  the  flame 
of  wnich  plays  all  round  the  bottle,)  is  applied  to  the  bottle, 
and  after  a  time  potassium,  which  is  known  by  the  appearance 
of  its  pink  flame  at  the  mouth  of  the  tube,  diimls  over,  accom- 
panied with  carbonic  oxide  ois,  and  vrith  a  grey  powder,  which  is 
the  cause  of  the  occasional  dioking  of  the  tube.  The  potassium 
drops  into  the  naphtha,  which  protects  it  from  the  action  of 
the  air.  To  puriif  it  entirely,  it  is  redistilled  in  a  small  iron 
retort  along  vrith  a  little  naphtha  into  a  receiver  containing 
thatliauid. 

In  this  process  the  carbon  deprives  the  oxide  of  potassium 
and  the  carbonic  acid  of  their  oxygen,  forming  carbonic  oxide 

El.  KO,  C0,+C,=K+3  CO.  Were  this  aU,  we  should 
ve  no  other  product  but  potassium  and  carbonic  oxide. 
Unfortanately,  however,  carbonic  oxide  at  a  red-heat,  enters 
into  combination  with  potassium,  forming  the  grey  powder 
above  mentioned ;  the  composition  of  which  is  7  CO  +K3= 
C,0,,  K,.     If,  ther^re,  we  consider  the  products  obtained 
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from  4  eq.  of  carbonate  of  potash,  they  ought  to  be  as  foUows, 
if  the  grey  compound  were  not  fdrmed,  4  (KO,CO  J+C,s 
K^ + 12  CO.  Instead  of  obtaining  4  eq.  of  potasslnm,  noweveri 
from  4  eq.  of  carbonate,  we  only  obtain  1  e<|.  aa  metal,  the 
remaining  3  eq.  combimng  with  carbonic  oxide  to  form  the 
grey  powder.  K^+12  CO=(C,  O,,  K,)+5  CO+K.  Thia 
la  vxe  reason  why  the  above  proceas  is  not  nearly  so  productive 
as  Doight  be  expected.  The  grey  powder  must  be  kept 
under  naphtha,  as  it  is  liable  to  l>e  altered  if  exposed  to  tbe 
air,  and  especially  to  take  fire  and  explode,  if  moistened  with 
water.  (This  compound,  by  the  slow  action  of  the  air,  is 
converted  into  a  very  xemarkable  salt,  rhodizonate  of  potash, 
to  be  hereafter  mentioned,  when  carbonic  oxide  is  treated  of 
as  a  compound  radical.) 

Potassium  is  a  metal  of  a  bluish-white  colour,  and  a  high 
degree  of  metallic  lustre,  so  that  a  melted  portion  of  it,  under 
n^htha,  resembles  mercury  or  melted  silver.  At  ordinary 
temperatures,  it  is  so  soft  as  to  yield  easily  to  the  finger. 
At  1£K)<>  it  is  quite  fluid,  and  if  cooled  to  32o,  it  becomes 
brittle.  At  a  low  red-heat  it  boils,  and  may  be  distilled 
unchanged.  Its  Sp.  G.  is  0-865,  so  that  it  floats  on  the  surface 
of  water. 

When  enosed  to  the  air  it  is  instantly  tarnished  by  the 
formation  of  a  film  of  oxide ;  and  after  a  short  time  the  whole 
is  oxidised  and  converted  into  a  white  solid  oxide,  which 
soon  attracts  water  from  the  atmosphere.  Potaasium  must 
therefore  be  kept  under  naphtha,  a  liquid  containing  no 
oxygen.  When  heated  in  the  air,  potassium  takes  fire,  and 
bums  with  a  beautiful  pink  flame,  oxide  being  formed.  So 
powerful  is  its  affinity  for  oxysen,  that  when  thrown  on  the 
snrfBkoe  of  water,  it  instantly  decomposes  it,  with  so  much 
disengagement  of  heat  as  to  set  fire  to  the  hydrogen  gas  which 
is  separated.  K+HO=KO+H.  The  hydrogen  burning 
causes  the  potaasium  also  to  bum,  combining  vriih  the  oxygen 
of  the  air,  and  the  globule  swima  about  until  it  is  consumed, 
burning  on  the  BUi%u;e  of  the  water  with  a  beautiful  pink 
flame.  The  same  phenomenon  appears  if  the  metal  be  placed 
in  a  small  hollow  on  the  surface  of  a  piece  of  ice,  when 
it  instantly  bursts  into  flame. 

The  aMnity  of  potassium  for  oxygen  and  the  other  metal^ 
loids  is  so  powerfol  that  it  has  been  the  means  of  isolating 
many  metals  and  some  metalloids,  whose  attraction  for 
oxygen,  &c.,  is  too  strong  to  be  overcome  by  the  usual  means. 
Thus  potassium  decomposes  the  oxides  or  chlorides  of  alumi- 
num, gludnnm,  yttrium,  thorium,  and  zirconium^  and  the 


POTASH.  151 

homek  and  sOicie  adds.    It  is,  eoiueq!ieniIy>  a  veiy  piywetfal 
uutnuoent  of  leaearch. 

The  GompoiudB  of  potasaiiim  to  be  here  described  are  those 
wbieh  it  fonns  with  the  metalloids. 

POTASSIUM   AND   OXTOBN. 

PotasBiim  fonns  two  compounds  with  oxygen,  a  protoxide 
KO,  and  a  peroxide  KO, . 

».  Protoxide  of  Potasaium.    KO=4M68. 

llua  ofxide  is  only  f  oimed  when  potassium  is  oxidised  in 
diy  air,  or  oxygen.  It  is  a  white  powder,  which  rapidly 
abeorba  moisture  from  the  air,  and  deliquesces.  It  is  now 
eonTBited  into  the  usual  form,  namely,  hydrated  oxide  of 
potiflsiiim,  or  hydrate  of  potash. 

Sth.  CmttUe  Potash.  KO.  HO  =  56176.— This  important 
cempownd  is  best  prepared  oy  acting  on  pure  carbonate  of 
potau,  dissolved  in  water,  so  as  to  deprive  it  of  carbonic  acid. 
Two  parts  of  carbonate  are  dissolved  in  twenty  of  boiling 
water  in  an  iron  pot,  and  one  part  of*  quick  lime,  being 
pramnslj  slaked  by  covering  it  with  boiling  water,  so  as  to 
form  a  kmd  of  cream  of  slaked  lime,  is  added  to  the  boiling 
lipoid  in  small  portions,  the  mixture  being  allowed  to  boil  a 
mmnte  or  two  after  each  addition.  When  all  the  lime  has 
been  added,  the  whole  is  to  be  boiled  for  five  minutes,  cave 
heiag  taken  to  keep  up  the  original  quantity  of  water ;  since, 
with  less  water,  tne  potash  actually  takes  back  the  carbonic 
add  from  the  lime.  The  vessel>  which  ought  to  be  more  deep 
than  wide,  is  then  covered  up  with  its  Sd,  and  allowed  to 
stand  for  S4  hours.  At  the  end  of  that  time,  if  the  above 
divoctions  have  been  exactly  followed,  H  of  the  liquid  may  be 
deomted  off  perfectly  clear  and  colourless.  This  is  a  pure 
eolation  of  potash,  and  to  obtain  the  hydrate,  we  have  merelv 
to  boil  it  rapidly  down,  in  a  clean  deep  iron  or  silver  vessel, 
tiU  the  rendue  flows  like  oil.  It  is  tnen  poured  out  on  a 
plate  of  sUver,  and,  on  cooling,  broken  up  into  fragments,  and 
prosorved  in  weU-stopped  bottles. 

In  the  above  process,  the  lime  deprives  the  carbonate  of 
potash  of  its  caroonic  add,  forming  insoluble  carbonate  of 
W  KO,  CO,  +  CaO,  HO  =  CaO,  CO,  +  KO,  HO.  By 
slaking  the  lime  with  hot  water,  it  falls  to  so  fine  a  powder 
that  every  particle  acts,  and  we  are  thus  enabled  to  use  very 
fittle  more  than  the  atomic  proportion  of  quick-lime,  whicn 
would  be  about  28  to  69,  instead  of  1  to  2,  or  28  to  66,  as  we 
onploy.    Apyn,  by  adduog  the  lime  gradually,  and  constantly 
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boiling,  the  carbonate  of  lime  assumes  a  very  dense  form, 
and  settles  perfectly  to  the  bottom  ;  whereas,  if  the  lime  were 
all  added  at  once,  it  would  3rield  a  veir  bulky  carbonate,  from 
which  the  solution  of  potash  would  be  with  difficulty  sepa- 
rated. By  allowing  the  liquid  to  clear  in  tiie  coyered  yessel, 
we  ayoid  nitration  and,  consequently,  the  bringing  the  potash 
in  contact  with  the  air,  from  which  it  absorbs  carbonic  add, 
and  is  re-conyerted  into  carbonate.  So  effectual  is  the  above 
process,  that  the  decanted  liouid  does  not  effervesce  with 
acids,  if  carefully  prepared  ;  ana  if  it  be  rapidly  boiled  to  dry- 
ness, the  solid  hydrate  may  be  also  obtained  free  from  car- 
bonic acid. 

The  hydrate  of  potash  is  so  valuable  a  re-agent  to  the 
chemist,  that  I  have  described  minutely  the  best  method  of 
preparing  it.  which,  as  generally  happens,  is  also  the  most 
simple.  The  solution,  or  aqua  potass®,  is  daily  used  in  the 
ultimate  analjnds  of  oiganic  bodies,  to  absorb  carbonic  acid ; 
and  for  this  purpose,  as  well  as  for  many  others,  it  is  obtained 
sufficiently  pure  from  the  pearlash,  or  impure  carbonate  of 
potash  of  conmierce.  The  pearlash  is  to  be  treated  precisely 
as  the  pure  carbonate  in  the  above  process ;  and  the  decanted 
solution  of  cabstic  potash  is  to  be  boiled  down  until  ciystals 
begin  to  form  in  the  boiling  liquid,  which  is  then  allowed  to 
cool  in  well-stopped  bottles  of  green  glass.  The  crystals  are 
sulphate  of  potash,  a  salt  present  in  the  pearlash,  which  is 
insoluble  in  a  strong  solation  of  caustic  potash.  On  cooling, 
therefore,  the  whole  of  the  sulphate  crystallises  out,  so  that 
not  a  trace  is  left  in  the  liquid.  The  clear  liquid,  decantc»d 
from  the  crystals,  now  contains  no  impurity,  except  chloride 
of  potassium,  which,  for  most  purposes,  is  of  no  importance. 
It  nas  a  Sp.  G.  of  1'25  to  1*85,  and  is  ready  for  use  in  organic 
analysis.  If  boiled  to  dryness,  it  yields  a  hydrate  of  potash, 
far  purer  than  the  hydrate  of  conunerce,  inasmuch  as  it  is  free 
from  sulphate. 

Hydrate  of  potash  cast  into  small  sticks,  is  much  used  by 
suiveons  as  a  powerful  caustic.  The  chief  objection  to  its  use 
is  that,  owing  to  its  attraction  for  water,  it  deliquesces,  and 
spreads  farther  than  is  intended.  But  in  careful  hands,  it  is 
easily  managed,  and  is  often  used  in  preference  to  the  knife, 
for  openinff  glandular  swellings,  such  as  buboes,  which  have 
suppurated.  When  thus  opened,  and  when  the  caustic  has 
been  applied  to  the  inner  surface  of  the  cavity,  they  appear  to 
heal  better  than  when  opened  with  the  lancet.  In  chemistiy 
h3rdrate  of  potash  is  much  used  for  the  decomposition  of 
minerals,  by  fusion  with  them,  and  for  diying  certain  gases. 
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The  Bolation  of  potash,  aqna  potassn,  or  liquor  potasssB,  has 
the  acrid  corrosiYe  taste  of  the  hydrate ;  and  when  mhbed 
between  the  finflers,  eiyes  them  a  soap^  feel,  forming,  in  fact, 
soap  with  the  oil  of  tne  skin.  It  turns  mfasion  of  red  cabbage, 
of  yioletB,  dahlias,  &c.,  green,  and  restores  the  blue  of  litmus 
reddened  by  acids.  It  is  powerfolly  alkaline,  or  basic,  nen- 
tralisiiu;  all  acids.  Its  great  attraction  for  carbonic  acid  has 
been  luready  mentioned  as  the  reason  of  its  beinff  used  in 
organic  analysis,  for  the  purpose  of  absorbing  the  carbonic  acid 
derived  from  the  carbon  of  the  substance,  and  enabling  us  to 
ascertain  its  weight.  For  the  same  reason,  potash  in  the  fonn 
of  solid  hydrate,  or  in  solution,  must  always  oe  protected  from 
the  carbonic  add  of  the  atmosphere.  The  solution,  when  of 
Sd.O.  I '060,  is  used  in  medicine  as  an  antacid  and  lithontriptic. 
Tne  chief  use  of  potash  is  unquestionably  that  of  promotinff 
the  growth  of  plants,  to  which  it  is  generally  essential,  lUthough 
it  may  frequently  be  replaced  by  soda  or  lime.  Its  fanction 
appears  to  be  that  of  fixing  the  carbonic  acid  of  the  atmo- 
sphere, which,  with  the  elements  of  water,  gives  rise  to  the 
cnief  vegetable  products,  as  wiU  be  explained  in  the  second 
part.  Hence,  all  fertile  soils  contain  it ;  hence  also  the  value 
of  the  ashes  of  vegetables,  as  manure,  depends,  in  a  great  mear 
sure,  on  the  potash  they  contain ;  and  the  same  remark  applies 
to  animal  manures.  Cow-dung,  for  example,  is  very  ncn  in 
potash. 

The  presence  of  potash  in  any  solution  is  best  ascertained 
by  the  action  of  bichloride  of  platinum  in  solution,  which,  if 
anv  notable  quantity  of  potash  be  present,  forms  with  it  a  pale 
yellow  precipitate  of  tne  double  chloride  of  platinum  and 
potassium.  If  the  proportion  of  potash  be  very  sm)dl,  no  pre- 
cipitate may  appear  ;  in  this  case,  the  liquid  to  be  tested  may 
be  first  concentrated  by  evaporation,  and  then  again  tested 
with  the  platinum  salt,  when  the  precipitate  will  in  all  proba- 
bility appear ;  or  alcohol  may  be  added  to  the  first  mixture,  in 
which  tne  double  chloride  is  quite  insoluble.  The  only 
uncertainty  in  this  test  is,  that  ammonia  gives  a  similar 
precipitate ;  so  that  we  must  first  ascertain  if  ammonia  be 
present ;  and  if  so,  expel  it  by  a  red-heat,  before  testing  for 
potassium.  ^ 

Perchloric  acid  also  causes  in  solutions  containing  potash,  a 
white  precipitate  of  perchlorate  of  potash,  sparingly  soluble  in 
water,  and  quite  insoluble  in  alcohol,  so  that  if  but  little  potash 
be  present,  alcohol  ou^ht  here  also  to  be  added. 

An  excess  of  tartanc  acid  produces,  after  a  time^  a  cxystal- 
line  deposit  of  cream  of  tartar,  in  solutions  contaimng  potash. 
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more  especially  if  well  stirred  with  a  glass  rod,  which  cna» 
the  deposit  to  appear  in  streaks  on  the  pilass. 

An  alcoholic  solution  of  carbazotic  acid  canses  a  yellow  ciyt- 
talline  precipitate  in  solation  of  potash. 

Lastly,  h^droflaodlicic  acid  canses  a  gelatinous  8eini-tzan»- 
parent  precipitate  of  silicofluoride  of  potassium,  when  added 
to  solutions  of  potash :  of  all  these  tests,  the  most  certain  is 
the  bichloride  of  platinum,  with  the  aid  of  alcohol. 

b.  Peroxide  of  Potasnum.    KO.  »  63*176. 

This  oxide  is  formed  by  passing  oxygen  over  red-hot  potash. 
It  is  an  orange-yellow  powder,  which,  when  thrown  into 
water,  is  decomposed,  oxygen  being  given  off,  and  potash  being 
found  in  the  liquid. 

POTASSIUM   WITH   HYDROOEN  AND   NITEOGKN. 

With  hydrogen,  potassium  forms  two  compounds,  one  of 
which  appears  to  be  a  solid,  the  other  a  gas.  Tne  latter  seoDs 
to  take  fire  spontaneously  in  contact  with  air,  and  is  probably 
formed  when  potassium  acts  on  water.  The  former  is  pro- 
duced when  potassium  is  heated  in  hydrogen  gas.  It  is  a  grey 
solid  decomposed  by  water. 

.  When  potassium  is  heated  in  dry  ammonia,  an  oUve-coloured 
solid  is  ionned,  which  is  composed  of  potassium  and  amide 
(amidogen),  K,  NH ,.  When  this  is  heated,  ammonia  is  given 
off,  and  there  is  left  a  substance  resembling  graphite,  which  is 
a  compound  of  potassium  and  nitrogen,  3  (K,  NH,)  z=  2  NU, 
-i-  NK, .    This  compound  has  been  litUe  examined. 

POTASSIUM  WITH    CHLORINB^  BROMINB,  IODINE,  AND   FLUOUMS. 

With  all  these  elements  potassium  combines,  with  each  in 
one  proportion  only,  forming  compounds  which  are  very  analo> 
gous  to  each  other. 

Chloride  of  Potasnum.    KG  «:  74-57. 

This  compound  is  a  neutral  salt,  very  similar  to  aearsalt  It 
is  found  in  considerable  quantity  in  the  ashes  of  plants,  espe- 
cially of  sea-plants.  It  is  formed  when  potash  is  neutralised 
by  hydrochloric  acid,  and  the  solution  evaporated  so  as  to  form 
crystals.  KO  +  HCl  =  HO  +  KGl.  It  is  also  left  wh» 
cmorate  or  perchlorate  of  potash  is  heated  so  as  to  expel  all 
the  oxygen  KO,  CIO    =  KCl  +  0.. 

It  has  a  saline  ana  bitterish  taste,  and  is  not  much  more 
soluble  in  hot  than  in  cold  water.  ..It  ciyatallises,  like  ssa- 
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al^  in  'cubes.  It  is  only  used,  wben  very  cheap,  in  the 
miimfactiire  of  almn.  It  cannot  be  substituted  for  sea-salt,  as 
a  coiKfimfflit,  or  antiseptic. 

Iodide  of  Potssrium.    KI  »  165*45. 

This  salty  which  is  veiy  much  used  in  medicine,  resembles 
the  preceding  in  external  characters.  It  crystallises  in  cnbes, 
and  is  Teiy  soluble  in  water.  To  prepare  it,  iodine  is  dis- 
lolred  in  a  pure  solution  of  potash,  with  the  aid  of  heat,  until 
the  liquid  he^ns  to  assume  a  permanent  brownish  fellow 
odour,  indicatmg  a  slight  excess  of  iodine.  The  liquid  is  now 
ev^xirated  to  dimness,  and  the  dry  residue  ignited  and  melted 
in  a  ooyeied  platinum  or  iron  yessel.  The  melted  mass  is 
poured  out  on  a  clean  iron  plate.  It  is  iodide  of  potassium  ; 
and  if  dissolved  in  water  and  filtered,  if  necessaiy,  tne  solution 
on  erapontion  yields  pure  crystals  of  the  salt.  In  the  first 
rtage  of  this  process,  iodate  of  potash  and  iodide  of  potassium 
srefonned:  I,  +  6KO=:6KI  +  (KO.  lOJ.  Inthesecond 
■tige,  the  iodate  is  converted,  by  a  rea-heat,  into  iodide  of 
potassium,  oxygen  being  given  off,  while  the  iodide  already 
present  is  unaltered:  5Kl  +  (K  0, 10.)  =  6  KI  +  0«. 

Another  method  is  to  form  iodide  of  iron  by  brining  iron 
and  iodine  in  contact  under  water.  The  iodide  of  uron  dis- 
solvesy  and  the  filtered  solution  is  decomposed  by  an  equivalent 
wekht  of  carbonate  of  potash  in  solution :  Fe  I  +  K  O,  C  0, 
=  Kl  +  FeO,  GO,.  The  insoluble  carbonate  of  iron  is 
sepanted  by  tlie  filter,  and  the  clear  liquid  evaporated  till 
oystals  are  deposited. 

Pure  iodide  of  potassium  is  white,  and  dissolves  entirely  in 
hot  alcohoL  It  is  often  adulterated  with  carbonate  of  Dotash, 
bat  that  salt  is  easily  detected  by  its  insolubility  in  alcohoL 
The  solution  of  iodiae  of  potassium  can  dissolve  a  large  qnan- 
ti^  of  free  iodine,  by  which  it  acquires  a  deep  brown  colour. 
This  solution  is  much  used  for  baths ;  and  the  iodide  is  em- 
ployed both  exterm^y  and  internally  in  scrofulous  diseases. 

Bromide  of  Potasuum.    K  Br  «  11 7*5. 

This  salt  is  very  analogous  to  the  precedinff,  and  is  formed 
in  the  same  way.  It  crjrstallises  in  cubes,  and  is  veiy  soluble 
in  water.    It  has  not  been  applied  to  any  use. 

Fhioride  of  potassium,  K  F  =  67*8,  is  obtained  when  hydro- 
fluoric acid  acts  on  potash.  HF  +  KO=HO  +  KF.  It 
is  solable  and  cirstiulises  in  cubes,  and  is  very  analogous  to 
the  preceding  nita. 
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POTASSIUM  AND  SULPHUR. 

Potassium  combines  with  salphur  in  several  proportions,  of 
which  the  most  important  are,  the  protosnlphuret,  K  S,  and 
the  pentasulphoret,  or  persnlphnret^  feS^. 

Protoeulphoret  of  Potassiiim.    KS  »  65.2. 

This  may  be  formed  by  melting  together  its  constitnents ; 
but  it  is  best  prepared  by  passing  hydrogen  aa  over  neutral 
sulphate  of  potash,  heated  to  bright  redness.  Here  the  hydro- 
^n  removes  all  the  oxygen  of  the  salt,  and  the  sulphuret 
IS  left. 

KO,SO,  +  H^«4H0  +  KS. 

Protosulphuret  of  potassium  is  a  solid  of  a  bright  red  colour, 
which  forms  with  water  a  colourless  solution.  This  solution 
smells  of  sulphuretted  hydrogen,  and  probably  contains  that 
compound  and  potash,  formed  by  the  action  of  water  on  the 
sulphuret.  KS  +  H O  =  K  O  +  HS.  The  solution  is  alka- 
line, and  if  pure  is  decomposed  by  acids,  without  any  separa- 
tion of  sttlpnur,  sulphuretted  hydrogen  being  given  off. 

Pentasulphuret  or  Persulphuret  of  Potassium.    KS^  » 1 19-5. 

This  is  the  chief  ingredient  in  what  is  called  hepar  sulphuris, 
or  liver  of  sulphur,  when  prepared  by  fusing  sulphur  with 
carbonate  of  potash  at  the  lowest  possible  temperature,  when 
the  persulphuret  is  formed  along  with  hirposulphite  of  potash : 

3  KO  -h  S  , ,  =  2  KS  +  (K  0,  S,  0,).  Alcohol  dissolves 
the  sulphuret,  which  has  a  deep  orange  colour.  It  may  be 
obtained  pure  in  solution  by  boiling  the  protosulphuret  with 

4  eq.  of  sulphur  and  water.  The  persulphuret  of  potassium 
forms  an  orange  or  yellow  solution,  which  is  decomposed  by 
acids,  with  the  deposition  of  a  large  quantity,  4  eq.  of  sulphur. 

There  are  5  other  compounds  of  sulphur  and  potassium,  all 
similar  in  properties  to  the  persulphuret.  They  are  KS., 
KS„  KS.,  K,  8.,  and  K,  S,.  The  last  two  are  probably 
(KS.  -hksJandCKS, +KS.). 

POTASSIUM   AND  SELENIUM. 

The  relations  between  these  elements  appear  to  be  closely 
analogous  to  those  between  potassium  and  sulphur :  but  the 
compounds  formed  are  little  known. 

POTASSIUM  AND  PHOSPHORUS. 

These  elements,  when  heated  together,  combine  to  form  a 
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solid  phosphnret  When  thrown  into  water,  it  gives  rise  to 
the  disengagement  of  spontaneously  inflammable  phospharetted 
hydioffen,  while  solid  ohosphnretted  hydrogen  separates,  and 
hypo^oephite  of  potasn  is  found  dissolved. 

Nothing  is  known  with  certainty  of  the  carburet  of  potas- 
siiim,  which  is  supposed  by  some  to  be  formed  in  the  process 
of  making  potassinm. 

No  compound  of  potassium  with  silicon  is  accurately  known : 
but  with  ttlicic  add  potash  forms  compounds,  which  are  known 
as  fflass.  When  the  silica  predominates,  we  have  ordinary 
hard  insoluble  glass :  when  the  potash  is  in  excess,  the  com- 
pound is  called  silicate  of  potash.  It  is  a  glassy  mass,  soluble 
in  water,  and  the  solution  has  long  been  known  as  liquor  of 
flints.  (See,  hereafter,  under  the  head  of  Salts,  the  sificates, 
including  glass  and  porcelain). 

15.    Sodium.     Na  =  23'a 

Stn.  Natrium, — This  metal  is,  perhaps,  more  abundant  in 
our  globe  than  any  other ;  for  it  constitutes  two-fifths  of  all 
the  sea  salt  existing  in  sea  water,  in  the  water  of  springs, 
rivers,  and  lakes,  in  almost  all  soils,  and  in  the  fonn  of  rock 
salt.  Sea  salt  is  a  compound  of  sodium  with  chlorine,  Na  CI. 
Sodium  also  occurs  as  oxide  of  sodium,  or  soda,  in  a  good  many 
minerals;  and  more  especially  in  the  forms  of  carbonate, 
nitiate,  and  borate  of  soda :  the  first  extracted  from  the  soil  in 
many  parts  of  Africa ;  the  second  covering  extensive  plains  in 
South  America ;  and  the  third  encrusting  the  diores  of  nume- 
rous lakes  in  Thibet.  Soda  is  contained  in  sea  plants,  and  in 
land  plants  growing  near  the  sea,  in  the  latter  apparently 
replaong  potash ;  it  is  the  chief  base  in  kelp,  varec,  or  barilla, 
which  are  the  ashes  of  sea-weed.  Soda  also  occurs  in  most 
<i.iiifTml  fluids. 

Sodium  is  obtained  by  a  process  exactly  similar  to  that 
above  described  for  potassium,  substituting  acetate  of  soda  for 
cream  of  tartar.  Owing  to  the  fortunate  circumstance  that 
sodium  does  not  combine  with  carbonic  oxide,  the  process  is 
much  more  productive  than  in  the  case  of  the  former  metal. 
In  fisct,  when  properly  conducted,  we  may  expect  to  obtain 
the  whole  of  the  sodium.  Thus,  in  the  hdboratoiy  at  Giessen, 
1  lb.  of  calcined  acetate  of  soda  (cari>onate  containing  a  UtUe 
charcoal)  mixed  with  ^  lb.  of  finely-powdered,  and  -f  lb.  of 
oosjsely-powdered  charcoal,  and  heated  in  a  malleable  iron 
bottle,  as  above  recommended,  yielded  nearly  5  oz.  of  sodium^ 
even  when  it  was  obvious  that  the  result  was  capable  of  con- 
fdderable  improvement ;  the  whole  of  the  sodium  present  being 
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about  7  oz.  From  the  extreme  cheapness  of  carbonate  of  soda, 
and  the  productiyeness  of  the  operation,  sodium  can  be  pro- 
pared  fai  cheaper  than  potassinm,  and  may,  in  most  cases,  be 
sabstituted  for  that  metal,  as  its  affinities  are  almost  equally 
powerful.  Should  this  metal  be  erer  required  on  the  large 
scale,  it  mi^t  be  obtained  for  a  price  little,  if  at  all,  higher 
than  that  of  zinc. 

.  Sodium  is  a  silveivwhite  metal,  havinff  a  very  hi^  lustre. 
It  has  not  the  bluish  tinge  of  potassium,  but,  if  any,  rather  a 
very  slight  yellowish  tint,  so  that  it  resembles  silver,  whOe 
potassium  resembles  mercury.  Its  Sp.  G.  is  0*9348 ;  it  melts 
at  200*^,  being  rather  less  fusible  than  potassium :  but  it  is,  on 
the  other  hand,  somewhat  more  volatile,  which  is  one  cause 
of  its  preparation  being  easier,  since  it  distils  over  at  a  lower 
heat. 

SODIUM  AND  OXTGE^. 

The  affinity  of  sodium  for  oxygen  is  next  to  that  of  potas* 
sium.  It  rapidly  attracts  oxygen  from  the  air^  and  must 
therefore  be  kept  under  naphtha;  but  it  is  evidently  less 
rapidly  oxidised  than  potassium,  and  consequently  keeps  better. 
When  heated  in  air  or  oxygen  it  takes  nre,  burning  with  a 
very  pure  and  intense  yellow  flame,  which  is  characteristic  of 
sodium  and  of  all  its  compounds.  It  decomposes  water  in- 
stantly, but  does  not  spontaneously  take  fire  when  thrown  on 
water,  as  potassium  does.  If  the  water,  however,  be  thickened 
with  gum,  or  if  there  be  only  a  few  drops  of  water,  the  action 
of  somum  is  attended  with  flame,  and  the  yellow  colour  of  the 
flame  is  most  conspicuous.  When  exposed  to  the  air,  or 
burned  in  air  or  on  water,  sodium  forms  the  protoxide,  or  soda : 
but  it  can  form  two  other  oxides — ^the  suboxide  and  the  per- 
oxide. The  suboxide  is  little  known ;  the  peroxide  is  an  orange 
powder,  Na,  0,.     The  only  important  oxide  is  the 

Protoidde  of  Sodium.     Na  0  =  31  '313. 

Syn.  Soda, — This  oxide  is  formed  when  sodium  is  burned  in 
dry  air  or  oxygen.  It  is  a  white  powder,  which  attracts  mois- 
ture and  carbonic  acid  from  the  air.  When  sodium  is  oxidised 
by  water,  or  when  the  protoxide  is  dissolved  in  water,  there  is 
formed  ihe  true  alkali,  the  hydrated  oxide  of  sodium,  or 
hydrate  of  soda,  Na  0,  H  0. 

Syn.  CausHc  Soda. — This  hydrate  is  prepared  by  a  process 
exactly  similar  to  that  given  for  caustic  potash,  substitnting 
carbonate  of  soda  for  carbonate  of  potash.  If  the  carbonate  of 
soda  be  in  crystals,  1  part  of  quick  lime,  is  sofficient  for  5  or  6 
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parU  of  carbonate :  if  diy>  1  part  of  quick  lime  will  suffice,  if 
pore,  for  %  of  carbonate.  As  the  lime  ia  seldom  pure,  it  is  in 
general  safer  to  take  2  parts  for  3  of  diy  carbonate  of  soda. 

The  solution  of  caustic  soda,  owing  to  the  superior  parity  of 
the  carbonate,  which  is  generally  free  from  sulphate  and  chlo- 
ride, is  much  purer  than  the  common  aqua  potaiasn :  and  when 
boiled  down,  it  leaves  a  very  pure  hydrate  of  soda,  Na O,  HO. 
This  hydrate  is,  in  all  external  characters,  and  in  most  che- 
mical ones,  exactly  similar  to  caustic  potash  :  it  is  deliquescent 
and  caustic,  and  may  be  used  for  almost  all  the  same  purposes. 
The  solution,  however,  cannot  be  used  for  organic  anal3rsis,  as 
it  froths  up  like  solution  of  soap  when  a  gas  passes  throufi^  it. 

With  acids  soda  forms  salts,  all  of  which,  with  hardly  an 
exception,  are  soluble  in  water,  and  many  of  which  dystallise. 
The  solubility  of  its  salts  serves  to  distinguish  soda  from  pot- 
adi,  for  neither  bichloride  of  platinum,  tartaric  acid,  per- 
chloric acid,  nor  carbazotic  acid  causes  any  precipitate  in  the 
salts  of  soda,  even  when  alcohol  is  added.  Hydrofluosilicic 
add  is  the  only  test  that  forms  a  precipitate  in  cold  and  pretty 
strong  solutions  of  soda  salts  ;  but  the  silioofluoride  of  sodium, 
thus  formed,  is  much  more  soluble  than  the  corresponding  salt 
of  potassium.  When  we  know  that  either  potasn  or  soda  is 
present,  and  the  tests  give  the  above  negative  results,  we  may 
safely  decide  on  the  presence  of  soda ;  but  if  we  wish  for 
positive  evidence,  this  can  only  be  obtained  by  setting  fire  to 
aloohol  along  with  the  suspected  salt,  or  exposing  the  salt  on 
platinum  wire  to  the  flame  of  the  blowpipe ;  when,  if  soda  be 
present,  a  rich  and  pure  yellow  colour  will  be  given  to  the 


The  chief  uses  of  soda  are  in  the  manufacture  of  glass  and 
of  hard  soap.  The  carbonate  is  used  in  washing,  and  is  a 
powerful  detergent,  although  milder  than  carbonate  of  potash. 

SODIUM  AND  CHLORINS. 

Chloride  of  Sodium.     Na  CI  =  58*75. 

Syn.  Mwriate  of  Soda.-^Sea  SaU.—Roek  StdL-^Eitchen 
jSblt.— This  very  important  salt  is  formed  when  chlorine  and 
sodium,  or  hydrochloric  acid  and  soda,  come  together.  But  it 
is  found  in  immense  quantity,  dissolved  in  sea  water,  and  in 
the  water  of  salt  springs,  and  in  smaller  quantity  in  all  natural 
waters,  by  which,  indeed,  it  is  carried  to  the  sea,  where  it 
aceumulates.  Inland  seas,  without  any  outlet,  and  where, 
consequently,  the  superfluous  water  escapes  only  by*  evapora- 
tion, become  more  saline  than  sea  water,  althouj^  the  straams 
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which  feed  them  are  not  richer  ia  salt  than  ordinary  rivers. 
Hence  the  D^  Sea  in  Palestine,  fed  by  the  Jordan,  is  a  veiy 
strong  brine,  containing  the  same  ingredients  as  sea  water,  but 
f^  stronger ;  these  ingredients  being  also  the  same  which  are 
foand  in  the  Jordan  and  all  rivers,  in  mnch  smaller  quantity. 
Salt  is  also  found  abundantly,  as  rock  salt,  in  various  coun- 
tries. It  is  obtained  from  the  sea  water  by  simple  evaporation, 
either  spontaneous,  or  with  the  aid  of  heat,  till  crystals  sepa- 
rate, which  are  nearly  pure  chloride  of  sodium. 

The  properties  of  salt  are  well  knovni.  It  is  singular  that 
it  is  not  materially  more  soluble  in  hot  than  in  cold  water,  for 
which  reason  it  separates  in  crystals  from  the  hot  liquid  during 
evaporation,  and  ought  to  be  taken  out  from  time  to  time  with 
a  perforated  ladle,  to  allow  the  mother  liquor  to  drain  off. 

One  chief  use  of  salt  is  as  an  antiseptic  in  curing  meat.  It 
seems  to  act  chiefly  by  removing  so  much  water  from  the  flesh 
that  too  little  is  left  to  allow  of  putre&ction.  Hence,  highly 
salted  meat  is  always  dry,  and  requires  long  steeping  in  water 
to  render  it  eatable.  Salt  is  also  employed  to  yield  hydro- 
chloric (muriatic)  acid,  and  chlorine,  for  the  making  of  bleach- 
ing-powder,  as  well  as  the  best  carbonate  of  soda.  In  preparing 
hydrochloric  acid  from  salt,  which  is  done  by  the  aid  of  oil  of 
vitriol,  sulphate  of  soda  is  formed,  from  wluch,  by  heating  it 
with  charcoal,  carbonate  of  soda  is  obtained.  Thus,  in  the 
very  important  manu&cture  of  soda  from  salt,  both  the 
chlorine  and  the  sodium  are  made  use  of ;  the  hydrochloric 
acid  being  but  a  secondary  product,  formed  in  the  first  sta^e 
of  the  manufacture  of  carbonate  of  soda,  a  product  nearly 
equal  in  importance  to  the  oil  of  vitriol,  by  means  of  which  it 
is  made. 

But  the  most  important  use  of  salt,  which  renders  it  an  ab- 
solute necessary  of  life  to  animals  in  some  shape  or  other,  is 
as  a  condiment  to  food,  or  rather,  as  a  substance  indispensable 
to  digestion.  This  subject  will  be  fully  treated  of  in  the 
Second  Part  of  this  work :  in  the  meanwhile,  it  may  be  men- 
tioned, that  the  free  muriatic  acid,  always  present  in  the 
chyme  before  it  leaves  the  stomach,  and  the  soda  which  is 
found  in  the  chyle  and  in  the  blood,  and  which  is  the  essential 
basic  element  of  the  bile,  are  both  derived  from  salt,  either 
originally  present  in  the  food,  or,  as  is  most  commonly  the 
case,  adaea  to  it  b^r  man.  Herbivorous  animals,  who  produce 
an  enormous  quantity  of  bile,  find  salt  in  their  food,  and  above 
all  in  the  river  or  spring-water  they  drink.  But  they  are  so 
sensible  of  the  good  effects  of  salt,  that  they  show  the  greatest 
preference  for  mt  springs,  and  indeed  for  solid  salt^  if  placed 
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viihin  thdr  reach.  When  supplied  with  salt  in  moderate 
quantity,  they  thriye  uncommonly  well,  as  in  salt  marshes, 
which  are  well  known  to  give  rise  to  very  rich  and  well-feed- 
ing pastures.    As  excess  of  salt  is,  however,  injorions, 

sonnnf  with  brohins,  iodins,  and  flttorinb. 

The  compounds  of  sodium  with  these  elements  are  quite 
analogous  to  those  of  potassium  above  described.  The  iodide 
and  bromide  of  sodium  are  found  in  sea-water  and  in  salt 
springs,  in  minute  quantity.  The  fonnuls  of  these  three 
compounds  are  Xa  Br,  Na  I,  and  Na  F^ 

SODIUM.  WITH  8ULPHUIU 

Sodium,  Ixka  potassium,  unites  with  sulphnx  in  several  pro- 
portions^ The  protosulphuret,  Na  S,  is  veiy  similar  to  the 
correi^Kmding  suphuret  of  potassium ;  the  others  are  little 
knowBb 

It  is  very  remarkable  that  the  beautifal  mineral,  lapis 
lazuli,  or  ultrapmarine,  the  nature  of  the  colouring  matter  in 
which  was  long  a  comjplete  puzzle  to  chemists,  should,  accor- 
ding to  recent  discoveries,  owe  its  magnificent  blue  colour  to 
the  presence  of  sulphuret  of  sodium,  a  compound  destitute  of 
any  such  colour.  But  this  seems  to  be  reaUy  the  case :  for  by 
heating  a  mixture  of  hydrated  alumina  and  silicic  acid  to 
whiteness,  along  with  sulphuret  of  sodium,  C.  6.  Omelin  has 
succeeded  in  preparing  artificial  ultra-marine,  which  is  now 
prepared  in  France  quite  equal  to  the  native  pi^ent,  and 
very  mudk  cheaper.  We  are  still  quite  in  the  dark  as  to  the 
true  nature  of  the  blue  compound  formed  in  this  operation. 

The  compounds  of  sodium  with  phosphorus,  carbon,  boron, 
and  silicon  are  unknown.  With  silicic  acid,  soda,,  like  potash, 
forms  glass. 

16.  Lithium.    L=6-42; 

This  metal  is  very  rare,  occurring  only  as  oxide  or  lithia  in 
a  few  rare  minerals,  such  as  spodumene,  petalite,  lepidolite. 
and  liUiion-mica.  The  metal  has  been  obtained  in  small 
quantity  by  means  of  galvanism  from  the  oxide,  and  is  white, 
burning  when  heated,  with  a  blood-red  flame,  and  forming 
protoxide  of  lithium,  or  lithia. 

Protoxide  of  Lithium.    LO=zl4*43. 

This  alkali  can  only  be  obtained  from  either  of  the  above 
minerals,  which  are  silicates.     One  part  of  the  mineral  in 
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fine  powder  is  mixed  with  two  of  flaor-spar,  and  the  mixtnre 
heated  with  sulphuric  acid,  until  the  whole  of  the  silica  is 
dissipated.  There  then  remains  a  mixture  of  sulphates  of 
alumina^  lime,  and  lithia,  and,  in  the  case  of  lepidolite  or 
spodumene,  potash.  By  boiling  with  carbonate  of  anmionia 
in  excess,  the  alumina  and  lime  are  precii>itated,  and  the 
filtered  liquid  is  evaporated  to  dryness,  and  ignited  to  expel 
the  sulphate  of  ammonia.  The  residue  is  sulphate  of  lithia, 
or  sulphates  of  lithia  and  potash.  In  the  latter  case,  by  the 
cautious  addition  of  chloride  of  barium,  the  sulphuric  acid  is 
separated  as  sulphate  of  baiyta,  and  the  lithia  and  potash 
converted  into  chlorides.  These  being  dried,  are  digested  in 
absolute  alcohol,  which  dissolves  the  chloride  of  lithium. 
The  lithia  is  now  free  from  other  bases :  to  obtain  it  in  the 
separate  state,  the  chloride  is  converted  into  sulphate,  by 
bemg  boiled  vrith  oil  of  vitriol,  and  the  solution  of  the  sulphate 
decomposed  by  the  exact  equivalent  of  barytic  water,  by 
which  the  sulphuric  acid  is  precipitated,  while  the  free  lithia 
is  dissolved,  and  the  solution,  if  evaporated,  leaves  hydrate  of 
lithia,  LO,  HO. 

Lithia  is  not  quite  so  soluble  in  water  as  soda  or  potash, 
nor  is  it  so  caustic ;  but  it  veiy  much  resembles  these  alkalies. 
Its  solution  attracts  carbonic  acid  as  readily  as  theirs  from  the 
atmosphere.  When  lithia  is  fused  on  platinum,  it  corrodes 
and  stains  the  metal.  Lithia  and  all  its  salts  give  a  blood^red 
colour  to  flame.  The  carbonate  of  lithia  is  ^ringly  soluble, 
and  its  phosphate  is  nearly  insoluble.  Lithia  occurs  too 
rarely  to  admit  of  any  useful  application ;  but  it  is  important 
to  know  that  lithion-mica,  wnich  is  recognised  by  its  easy 
fusibility  before  the  blow-pipe,  and  by  its  tinging  the  enter 
flame  red,  has  hitherto  been  only  found  associated  with  albite 
and  topaz,  or  pycnite,  in  tin  districts,  and  its  occurrence,  thus 
associated,  may  be  looked  on  as  a  sure  indication  of  the 
existence  of  tin  in  the  locality. 

Chloride  of  lithium,  L  CI,  crystallises  in  cubes.  It  is  very 
deliquescent  and  soluble  in  alcohol,  the  flame  of  which  it 
colours  of  a  fine  red. 

Appendix  to  the  First,  or  Alealinb  Group  of  Metals. 
Ammonium.     NH^  =:  Am  =  18'19. 

This  hypothetical  compound  metal  has  already  been  de- 
scribed under  the  head  of  Ammonia,  but  we  must  here  con- 
sidered it  as  a  metal,  analogous  to  the  three  just  described. 

In  all  the  salts  of  ammonia  with  oxygen  acids  Am  O  is  found. 
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This  compound,  oxide  o^  amononiua  ss  NH.,  HO,  is  itself  a 
veij  ^werfal  and  caustic  alkali,  and  neutralises  idlthe  acids. 
It  IS  important  to  observe  that  it  is  isomorphons  with  potash, 
KO ;  so  that  the  salt  KO,  SO,  has  the  very  same  form  as 
AmO,  SO3. 

Chloride  of  AmnMndnnu    Am  C1«NH^  CI  «  NH3,  H  a=53-64. 

This  is  the  well-known  salt,  sal  ammoniac,  which  is  analo- 
gous to  K  Gl,  Na  CI,  and  L  CI,  crystallising,  like  them,  in 
cubes.  It  is  the  salt  from  which  ammonia  and  all  its  com- 
pounds are  formed,  and  it  is  prepared  from  the  impure  carbo- 
nate of  ammonia  obtained  by  distilling  animal  matters.  It  is 
entirely  volatQe,  soluble  in  water,  has  a  pungent  saline  taste, 
and  no  smell.  Its  chemical  relations  are  those  of  a  chloride, 
although  it  is  called  muriate  of  ammonia,  because  it  is  formed 
when  muriatic  (hydrochloric)  acid  and  ammonia  act  on 
each  other.  But  there  is  little  doubt  that  these  bodies 
mutually  decompose  each  other,  according  to  the  equation, 
NH^  +  HC1  =  NH^,C1. 

The  bromide,  iodide,  and  fluoride  of  ammonium  are  Tery 
similar  to  the  chloride. 

Obdsr  2^— Mbtals  of  thb  Alkalinb  Earths. 
17.  Bauum.    Ba  =  68'7. 

This  metal  may  be  obtained  with  difficulty,  by  causing  the 
vapour  of  potassium  to  pass  over  baiyta  (oxide  of  banum) 
strongly  heated  in  an  iron  tube.  The  potassium  is  oxidised  at 
the  expense  of  the  barium,  forming  potash,  while  barium  is 
separated.  Ba  0  -h  K  =  KO  -f  BL  Mercury  dissolves  out 
the  barium  forming  a  fluid  amalgam,  and  this,  if  the  mercury 
is  distilled  off  in  a  small  iron  retort,  leaves  the  barium. 

Barium  is  a  metal  of  a  dark  grejr  colour,  heavier  than  oil 
of  vitriol.  When  exposed  to  the  ^r  it  rapidlv  absorbs  oxygen, 
forming  a  white  powder,  the  protoxide  of  barium  or  baryta. 
It  is  d^  oxidised  by  water,  hydrogen  being  liberated. 

Protoxide  of  Barium.     Ba  0  =  76*713. 

Stn.  Baryta. — This  alkaline  earth  occurs  in  nature  com- 
bined with  carbonic  and  sulphuric  acids.  It  is  best  obtained 
pure  by  decomposing  pure  nitrate  of  baiyta,  by  a  continued 
red-heat,  when  the  nitric  acid  is  destroyed,  bein^  expelled  as 
nitrons  acid  and  oinrgen,  and  the  baryta  left  behind.  Ba  O, 
NO.  =  Ba  0  -h  NO^  -f  0. 

Baryta  is  a  grey  porous  solid^  the  Sp.  G.  of  which  is  about 
4'000.  It  has  an  acrid  alkaline  taste,  but  is  much  less  soluble 
]i2 
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in  water  Uuin  potash  or  soda.  When  sprinkled  with  water, 
it  slakes,  like  qoicklime,  combining  with  the  water  to  form  a 
diy^  white  powder,  hydrate  of  baiyta.  Oreat  heat  attends 
this  combination.  Bairta,  if  exposed  to  the  air,  speedily 
attracts  moisture  and  falls  to  powder,  and  the  hydrate  absorbs 
carbonic  acid  from  the  air^  and  is  conyerted  mto  carbonate 
by  degrees. 

Hydnte  of  Buyte.    Ba  0,  HO  =  85726. 

This  compound  is  formed  when  dry  bar^la  is  slaked  with 
water,  as  above  mentioned.  It  is  a  bulky  white  powder,  which 
dissolyes  in  3  parts  of  boiling  water,  and  in  about  20  of  cold 
water.  The  saturated  hot  solution  deposits,  on  cooling, 
ciystals,  which  are  composed  of  Ba  O,  HO  +  9  aq.  The 
saturated  cold  solution,  which  is  called  barytic  water,  is  a 
most  useful  test  of  the  presence  of  carbonic  acid  in  the  air, 
or  in  any  gas ;  for  with  that  acid  it  instantly  produces  the 
insoluble  carbonate  of  baryta,  which  forms  a  film,  or  crust,  on 
the  liquid. 

A  solution  of  baiyta  may  be  formed,  extemporaneously,  by 
boiling  sulphuret  of  barium  in  solution  with  oxide  of  copper 
or  oxide  of  lead  in  excess,  and  filtering  as  soon  as  the  liquid 
gives  a  white,  and  not  a  black  precipitate  with  acetate  of 
lead.  The  change  is  as  follows :  BaS  +  CuO  =  BaO  + 
Cu  S ;  or  Ba  S  +  Pb  0  =  Ba  0  +  Pb  S.  The  sulphurate  of 
lead  and  copper,  being  insoluble,  are  easily  separated  by 
the  filter. 

Baryte  may  be  recognised,  either  in  the  free  sUte,  or  in  ite 
salte,  by  ite  civing,  with  alkaline  carbonates,  a  white  pre- 
cipitete  of  carbonate,  and  with  sulphuric  acid  or  any  soluble 
sulphate^  a  white  precipitete  of  sulphate  of  baiyta.  The  latter 
ia  quite  msoluble  in  water  and  acids ;  and  hence  baryta  and 
ite  salte  are  much  used  as  teste  for  sulphuric  acid. 

Peroxide  of  Bsriom.    Ba  O,  =  84*7. 

This  oxide  is  formed  either  by  passing  oxygen  over  baryta 
at  a  red-heat,  or  by  sprinkling  chlorate  of  potash  on  baiyta 
heated  te  veiy  low  redness,  and  washing  away  the  soluble 
part  with  water.  In  the  latter  case  it  is  obtained  as  a  hydrate. 
It  is  insoluble  in  water,  and  weak  acids  dissolve  it,  forming 
a  salt  of  protoxide ;  while  the  oxygen  combines  with  water, 
forming  a  peroxide  of  hydrogen.  In  fact,  the  peroxide  of 
barium  is  only  used  for  the  purpose  of  making  that  compound. 


8ULPHUXET  07  BABIVM.  165 

BARIUH  AND  OBLOBtMS* 
CLlQride  of  Barium.    Baa  =10417. 

This  salt  is  best  obtained  by  dissolving  carbonate  of  baryta  in 
hYdiochloricacid,BaO,CO,+HCl=BaCl+HO+CO,.  It  is 
also  obtained  by  acting  on  solution  of  the  solphnret  of  barinm 
with  the  same  acid,  Ba  S+H  CteBa  Cl+HS.  In  the  former 
case  carbonic  add  gas,  in  the  latter  sulphuretted  hydrogen  gas, 
is  disennged ;  and  in  both  the  chloride  of  barium  remains 
dissolvra,  and,  on  evaporation,  crystallises  in  white  brilliant 
tabular  crystals,  which  are  composed  of  BaCl+2aq.  A  red- 
heat  expels  the  water  of  ciystallisation,  and  chloride  of  barium 
is  left. 

It  is  a  white  solid,  soluble  in  water,  and  is  used  in  medicine, 
and  Twy  eztensiTely  in  chemistry,  as  a  test  for  sulphuric  acid, 
and  a  nieans  of  removing  that  add  from  any  solution. 

Bromide,  iodide,  and  fluoride  of  barium  are  very  analogous 
to  the  chloride. 

BARITTIC  AND  SULPHim. 

Solphnret  of  Barimn.    Ba  S  =  84-82. 

This  useful  comnonnd,  from  which  all  the  other  compounds 
of  barium  may  be  obtained,  is  prepared  from  the  native  sulphate 
of  baryta,  or  heav]^  spar,  by  reducing  it  to  fine  powder,  mixing 
it  with  i  of  its  weight  of  lamp  black  (charcoal),  and  exposing 
the  mixinre  to  a  white  heat  for  two  hours  in  a  covered  crudble. 
The  following  change  takes  place — 

B*  0,80*  +  0^  =  400  +  BftS. 

The  sulphniet  of  barium  dissolves  in  hot  water,  forming  a 
coloQiiess  solution,  which,  if  exposed  to  the  air,  gradually 
absorbs  oxygen,  becoming  yellow,  and  is  finally  converted  into 
hyposnlphite  of  baryta,  the  latter  salt  being  deposited  in  hard 
brilliant  crystals,  when,  in  preparing  the  sulphuret,  the  heat 
has  been  insufiident,  the  sulphuric  add  of  the  smphate  of 
baiyta  is  entirely  deoxidised,  the  baryta  only  partially,  and  we 
obtain  a  mixture  of  baryta  and  persulphuret  of  barium,  Ba  S,. 
Thus2(BaO,SO,)-fC,=C-f7CO+BaO+BaS,.  This  mass, 
dissolved  in  hot  water,  deposits,  on  cooling,  crystals  of  hydrate 
of  baiyta :  while  the  solution,  owing  to  the  presence  of  persul- 
^niety  is  orange-coloured. 

Solplraiet  of  barium,  from  its  solubility,  and  from  its  being 
easily  decomposed,  serves  to  prepare  all  the  compounds  of 
barinm.  This,  as  already  stated,  if  boiled  with  oxide  of  copper 
or  of  lead,  yields  hydrate  of  baiyta;  and  oxide  of  manga- 
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nese  maj  be  used  for  tha  flame  purpose.  With  hydrochloric 
acid  it  yields  chloride  of  barium,  and  with  nitric  or  acetic  acid 
it  gives  rise  to  nitrate  or  acetate  of  baryta,  Ba  S+HO,  N0,=: 
HS+Ba  0,  NO,.  Mixed  with  carbonate  of  potash,  soda,  or 
ammonia,  in  solution,  it  produces  insoluble  carlx>nate  of  baryta, 
and  a  soluble  sulphuret  of  potassium,  sodium  and  ammonium, 
Ba  S  +  KO,  C0,=  KS  +  BaO,  CO, .  From  the  nitrate  pure 
baryta,  and  £rom  the  carbonate,  any  salt  of  baryta  may  be 
obtained. 

AH  the  compounds  of  barium,  except  the  sulphate,  are 
poisonous. 

18.  Strontium.    Sr=43*8. 
Oxide  of  Strontium.    Sr  0  =  51 .8 1 8. 

This  metal  is  analogous  to  barium,  but  little  known.  It 
occurs  only  as  oxide,  combined  with  carbonic  acid  in  Stron- 
tianite,  and  with  sidphuric  acid  in  celestine.  From  these 
minerals  the  oxide  of  strontia  may  be  obtained,  by  processes 
exactly  similar  to  those  described  for  baryta.  Strontia  is  rather 
less  soluble  in  water  than  baryta,  but  otherwise  much  resembles 
it.  Indeed  it  was  long  confounded  with  baryta,  from  which  it 
is  distinguished  by  forming  with  hydrochloric  acid  a  chloride 
which  crystallises  in  neeSes,  and  is  very  deliquescent  and 
soluble  in  alcohol,  to  which  it  gives  the  property  of  bunxing 
with  a  crimson  flame.  The  nitrate  of  strontia  is  used  in  makintf 
the  red  fire  of  the  theatres,  which  is  also  employed  for  signal 
lights. 

The  chloride  and  sulphuret  of  strontium  are  prepared  as  those 
of  barium,  and  &om  the  latter,  hydrate  of  strontia  and  all  the 
salts  of  strontia  may  be  prepared.  The  sulphate  of  strontia  is 
not  absolutely  insoluble,  like  that  of  baryta,  although  it  is  very 
nearly  so. 

19.  Calciuh.    Ca=  20-5 
Oxide  of  Calcium.    Ca  =  28513. 

This  metal  is  little  known,  but  it  appears  to  resemble  the  two 
preceding.  It  is  soon  oxidised  in  air  or  in  water,  forming  the 
oxide  of  calcium,  or  quicklime. 

The  oxide,  or  lime,  occurs  in  great  abundance  in  nature 
chiefly  as  carbonate,  in  the  forms  of  marble,  limestone,  chalk 
and  calcareous  spar ;  also  as  sulphate,  in  the  shape  of  ffTpsom 
and  alabaster.  Carbonate  of  lime  is  the  chief  ingre<uent  of 
shells,  and  phosphate  of  lime  is  the  earthy  part  of  bones.  Lime 
is  found  in  the  ashes  of  many  plants. 

Pure  lime  is  easily  obtained  by  igniting  white  marble  or  chalk 
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till  all  the  carbonic  acid  is  eiq)elled.  The  residae  ia  seldom 
quite  white,  but  combines  with  water  to  form  a  snow-white 
hydrate  (slaved  lime).  A  high  temperatare  is  produced  in  the 
slaking  of  lime.  Lime  is  far  less  soluble  in  water  than  baryta 
or  stPNitia,  and  cold  water  dissolyes  a  good  deal  more  lime  tnan 
hot,  about  -rvv  '^^  solution  is  caU^  lime  water ;  it  tastes 
acrid,  and  if  exposed  to  the  air,  is  soon  coyered  with  a  film  of 
carbonate,  which  forms  a  crust  that  at  length  breaks.  Quick- 
lime, exposed  to  air,  gradually  absorbs  both  water  and  carbonic 
acid ;  bnt  a  ^ood  led  heat  always  restores  it  to  the  state  of 
quicklime  agam.  When  an  excess  of  hydrate  is  mixed  up  with 
water,  it  forms  a  milky-looking  fluid,  called  milk  or  cream  of 
lime,  which  is  much  used  for  absorbing  carbonic  add. 

The  uses  of  lime  are  well  known :  slaked  lime  is  the  chief 
ingredient  in  mortar,  and  lime  water  is  used  in  medicine  as  an 
antacid.  With  acids.lime  forms  salts,  of  which  the  carbonate, 
like  that  of  baryta  or  strontia,  is  insoluble,  the  chloride  yery 
deliquescent,  and  the  sulphate  sparingly  soluble,  but  far  from 
insoluble.  lime  and  its  raits  are  recognised  by  forming,  with 
oxalate  of  ammonia,  the  yery  insoluble  oxalate  of  Hme.  in 
testing  for  lime,  the  solution  must  be  neutral,  as  an  excess  of 
acid  cBssolyes  the  oxalate. 

Chloride  of  Caldom.    Ca  CI  =  56*97. 

This  salt  is  formed  when  carbonate  of  lime  is  dissolyed  in 
hydrochloric  acid,  as  in  preparing  carbonic  acid  gas,  Ca  0,  CO 
-|-HCl=CaCl+HO+CO,.  When  the  neutral  solution  is 
evaporated  to  the  consistence  of  83mip,  it  forms,  on  standing 
in  a  cold  place,  long  prisms  of  crystallised  chloride  of  calcium, 
GaCl+2  H0+4aq.  At  480''  these  lose  the  4  equivalents  of 
water  of  crystallisation,  and  at  a  red-heat  the  other  two  equi- 
valents of  water.  The  crystals,  when  powdered  and  mixed 
with  snow,  liquefy  rapidly,  and  produce  intense  cold.  In  every 
form  chloride  of  c&lcium  has  a  great  attraction  for  water,  and  it 
is  much  used  for  drying  eases,  and  in  organic  analysis  for  col- 
lecting the  water,  by  weighing  which  the  proportion  of  hydrogen 
is  determined,  it  also  serves  to  deprive  alcohol,  ether,  and 
many  similar  fluids,  of  water. 

The  bromide  and  iodide  of  calcium  are  deliquescent  salts, 
Ca  Br  and  Ca  I. 

Fluoride  of  Calcium.     Ca  F  =  39*24. 

This  is  a  venr  abundant  mineral,  occurring  chiefly  in  veins 
along  with  lead  ore,  heavy  spar,  and  quartz.  It  is  well  known 
as  fluor,  or  Derbyshire  spar,  and  crystallises  beautifully  in 
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cubes,  octahedrons,  and  tetrahedrons,  which  are  transparent  and 
colourless,  or  purple,  green,  brown,  or  yellow.  It  also  ocean 
in  a  massive  semi-ciystallme  fonn,  capable  of  being  cat  and 
polished  for  omamentB.  It  is  very  remarkable  that  fluoride  of 
calcium  is  an  inpedient  of  bones  in  variable  quantity.  It  is 
said  to  be  found  chiefly  in  the  enamel  of  the  teeth,  and  it  U 
certainly  found  in  varijible  quantity,  but  always  present,  in 
ancient  human  bones.  It  is  now  said  that  it  is  less  easily 
detected  in  recent  bones,  owing  to  the  presence  of  animal  matter. 
It  has  been  found  in  seme  bones  to  the  amount  of  10  per  cent. 
The  presence  of  it  is  detected  by  treating  the  mmeral  or 
bone,  after  ignition,  with  oil  of  vitriol  in  a  pLitinum  crucible, 
covered  with  a  waxed  plate  of  glass,  having  the  glass  exposed 
by  traces  made  with  a  point  through  the  wax.  In  a  short  time 
the  traces  are  so  far  etched  as  to  be  indelible,  and  very  small 
traces  of  fluor  spar  may  be  thus  detected. 

Sulphnret  of  Galdam.    Ca  S  =:  36*62. 

This  compound  is  formed  by  a  process  similar  to  thai  given 
for  sulphuret  of  barium.  Sulphate  of  lime,  mixed  with  ^  of 
its  weight  of  charcoal  powder,  is  strongly  ignited  for  an  hour 
or  two  in  a  covered  crucible.    Ca  0,  SO  +C^=4  CO+Ca  S. 

It  is  a  nearly  white  powder,  provided  no  excess  of  charcoal 
is  present,  and  is  very  sparingly  soluble  in  water.  When  it 
has  been  exposed  to  the  sun*s  rays,  it  shines  in  the  dark,  and  is 
called  Canton's  phosphorus.  When  water,  lime,  and  sulphur 
are  boiled  together,  there  is  formed  a  yellow  or  orange  solution 
contaimng  hyposulphite  of  lime  and  persulphuret  of  calcium. 
This  liquid,  acted  on  by  hydrochloric  acid,  yields  persul- 
phuretted  hydrogen.  When  sulphur  and  lime  are  melted 
together,  there  is  formed  a  mixture  of  sulphate  of  lime  and 
sulphuret  of  calcium. .        ,  ,         . 

rhosphuret  of  calcium  is  obtained,  in  an  impure  state,  by 
bringing  phosphorus  in  contact  with  red-hot  lime.  A  brown 
powder  is  formed,  which  is  a  mixture  of  phosphate  of  lime  and 
pbosphuret  of  calcium.  When  thrown  into  water  it  produces 
spontaneously  inflammable  phosphuretted  hydrogen,  along  with 
hypophosphite  and  phosphate  of  lime. 

20.  MAOMEsroM.    Mg=:12-7. 

This  metal  is  obtained  by  causing  the  vapour  of  potassium  to 
come  in  contact  with  red-hot  chlonde  of  magnesium  in  a  tube. 
Vivid  incandescence  takes  place,  chloride  of  potassium  is 
formed,  and  magnesium  separated.    When  the  mass  is  acted 
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on  b^eold  water,  the  chloride  diBsolves  and  the  magnennm  k 
left  in  globules. 

Magnennm  is  nlyer-white,  veiy  brilliant  and  maUeable.  It 
nielta  at  a  red-heat ;  and  if  heated  in  air  or  oxygen,  bnma 
Tividlj,  being  oonveited  into  oxide  of  maflneflanm,  or  magnesia* 
It  does  not  decompoee  water,  eyen  when  boiled  with  it ;  and  is 
not  oxidised  at  ordinaty  temperatures  by  diy  air.  Hence  it 
may  be  preserved  fax  more  easily  than  any  of  the  preceding 
metals.  It  dissolves  in  diluted  acids,  hydrogen  being  dis* 
engaged. 

HAONESIUM  AND   0XT6EN. 

Oxide  of  Magnesium.    Mg  O  =  20713. 

Stn.  Moffneria  ;  Calcined  Moffnena. — This  oxide  occurs  in 
nature  as  carbonate,  fonning  considerable  masses  of  rock  in 
some  parts  of  the  world ;  also  as  a  mixed  carbonate  of  lime 
and  magnesia,  under  the  forms  of  dolomite  and  magnesian 
limestone ;  and  as  sulphate  of  magnesia,  or  Epsom  salts,  which 
occurs  in  many  saline  springs. 

It  is  best  obtained  pure  by  heating  the  carbonate  to  redness. 
Pure  or  calcined  magnesia  is  a  bulky  white  powder,  insoluble 
in  water.  It  has  an  earthy  taste,  and  readily  unites  with 
acids,  neutralisinjg;  them,  on  which  account,  and  because  it  is 
in  itself  mild  in  its  action,  it  is  much  used  in  medicine  as  an 
antacid.  Magnesia,  when  precipitated  from  its  salts  by  an 
alkali,  combines  with  water,  forming  a  hjrdrate,  Mg  0,110, 
which  loses  its  water  in  a  low  red-heat.  Tms  hydrate  is  found 
native,  ciystallised. 

Of  the  salts  of  magnesia,  the  carbonate,  like  that  of  the 
three  preceding  earths,  is  insoluble ;  but  the  sulphate  is  veiy 
soluble.^  The  solution  of  this,  or  any  other  soluble  salt  of 
magnesia,  is  precipitated  by  potash,  soda,  and  ammonia,  whidi 
throw  down  pure  magnesia ;  and  by  carbonates  of  potash  and 
soda,  which  form  carbonate  of  ma^esia.  But  carbonate  of 
ammonia  causes  no  precipitate,  owmg  to  the  formation  of  a 
soluble  double  salt;  ana  for  the  sa^e  reason,  oxalate  of 
ammonia  does  not  precipitate  the  salts  of  magnesia.  By  this 
last  character  magnesia  may  be  distinguished  and  separated 
from  lime.  The  most  delicate  test  of  macnesia  in  solutions  is 
to  add,  first,  carbonate  of  ammonia,  and  then  phosphate  of 
soda,  which  then  fonns  an  insoluble  double  phosphate  of 
ammonia  and  magnesia*  in  the  form  of  a  heavy  crystalline 
powder,  slowly  formed  when  the  quantity  of  magnesia  is  very 
email. 

Besides  its  uses  in  medicine^  nuignesia  is  a  useful  ingredient 
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of  all  fertile  soUs.  The  double  phosphate  of  ammonia  and 
magnesia  is  found  in  the  husk  of  grain,  and  in  the  potato ;  and 
phosphate  of  magnesia  is  also  found  in  bones.  In  a  soil  totalhr 
destitute  of  magnesia,  grain  does  not  produce  perfect  seed; 
however  well  the  plants  may  thrive  or  grow  in  the  stalk  or 
leaf,  to  which  parts  magnesia  seems  not  to  be  essential. 
Owing  to  the  occurrence  of  the  double  phosphate  in  potatoes, 
bran,  which  contains  that  salt,  is  a  very  powerful  manure  for 
that  crop. 

MAGNESIUM   WITH  CHLORINE,   BROMINE,  IODINE,   AND   FLUORINE. 
Chloride  of  Magnesiimi.     Mg  CI  «=  48' 17. 

This  salt  is  best  formed  as  follows  :-7Take  two  equal  por- 
tions of  hydrochloric  acid,  and  neutralise  one  with  magnesia, 
the  other  with  ammonia ;  then  mix,  evaporate  to  dryness,  and 
imite  in  a  covered  crucible  till  the  sal  ammoniac  is  dissipated. 
Fused  chloride  of  magnesium  remains,  which  is  poured  out  on 
a  clean  stone,  and  when  solidified  kept  in  a  closely-stop^ 
bottle.  It  is  highly  deliquescent,  and  is  used  for  preparing 
magnesium. 

When  magnesia  acts  on  hydrochloric  acid,  they  combine, 
producing  hydrochlorate  of  magnesia,  MgO,  H  CI,  a  rare  case. 
On  evaporating  the  solution  to  dryneBs  and  heating  it,  hydro- 
chloric acid  is  expelled  and  magnesia  is  left.  But  when  sal 
ammoniac  is  added  (chloride  of  dmmonium,  N  H^,  CI),  and  the 
mixture  evaporated,  chloride  of  magnesium  is  formed,  and 
unites  with  the  sal  ammoniac,  forming  a  double  chloride,  MgCl 
-I-  N  H^,  CI.  When  this  is  ignited,  the  sal  ammoniac  is  ex- 
pelled, and  chloride  of  magnesium  is  left.  Chloride  of  magne- 
sium exists  in  sea  water,  and  is  found  in  the  mother  liquor  of 
the  crystals  of  salt. 

The  iodide  and  bromide  of  magnesium  are  very  soluble ;  the 
fluoride  is  insoluble. 

Sulphuret  of  magnesium  may  be  obtained  by  a  method 
similar  to  that  riven  ror  sulphuret  of  barium.  When  pure,  it 
is  a  white  brittle  mass,  partially  soluble  in  water. 

Order  3. — ^Metals  of  the  Earths  Proper. 

21.  Aluminum.     A1  »  13*7. 

This  metal  is  best  obtained,  like  the  last,  by  the  action  of 
potassium  on  the  chloride.  Chloride  of  iduminum  is  mixed 
with  small  fragments  of  potassium  in  a  platinum  crucible,  the 
lid  of  which  is  wired  down.    Heat  is  then  applied  by  means 
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of  a  spirit-lamp,  when  a  violent  action  ensnes^  and  a  dark  grey 
msfla  18  left,  from  which  water  dissolyes  chloride  of  potassium, 
lettTing  alnminnm  as  a  grey  powder,  which  has  considerable 
histre.  It  is  not  easily  melted ;  and  when  heated  in  the  air, 
or  in  oxygen  gas,  it  bams  with  a  viyid  light^  forming  alumina, 
which  is  a  sesquioxide  of  the  metal. 

ALUMINUM  AND  OXTOBN. 
Sesquiozido  of  Aluminuin.     Al^  O3  »  51*539. 

Snr.  Alumna;  Pure  Clay, — This  earth  is  very  abundant 
in  nature.  It  occurs  crystallised  as  the  sapphire  and  ruby ;  in 
a  ciystalline,  but  more  massive  form,  as  corundum  or  emery ; 
and  as  the  chief  ingredient  .of  all  clays,  and  of  most  slaty  rocks, 
from  which,  indeed,  clays  are  derived.  Pipe-clay  is  the  purest 
clay,  but  is  not  pure  alumina,  although  approadGiing  to  it. 

Pure  alumina  is  best  prepared  as  follows : — ^A  solution  of 
alum  is  precipitated  by  an  excess  of  chloride  of  barium,  by 
which  means  the  sulphuric  acid  is  separated,  and  chloride  of 
aluminum  is  left  in  solution  with  the  chloride  of  potassium  and 
the  excess  of  chloride  of  barium.  Alum  (K  0,  SO ,  +  AL  O . , 
3S0,)  with  4BaCl  yields  4  (Ba  0,  SO,)  +  K  CI  +  Al,  CI,. 
On  evaporation,  water  is  decomposed,  and  hydrochlorate  of 
alumina  is  formed,  Al,  CI,  -f  3  H  0  =  Al,  0  ,  3  H  CI.  When 
the  dry  mass  is  ignited,  the  hydrochloric  acid  is  expelled,  and 
the  alumina  is  left  with  thft  chlorides  of  potassium  and  barium, 
which  are  removed  by  water. 

Pore  alumina  is  a  fine  white  powder,  ouite  unalterable  in 
the  fire.  When  precipitated  from  its  solution  in  acids  by 
alkalies,  it  forms  a  veiy  bulky  gelatinous  hydrate,  which,  when 
dried  at  60^  is  Al,  0„  6H0;  if  dried  at  100®  it  becomes 
Al ,  O  3 ,  3  H  0.  Dry  or  anhydrous  alumina,  mixed  with  water, 
forms  a  plastic  mass,  which  admits  of  being  moulded.  This 
property  is.  given  to  clay  by  the  presence  of  alumina,  and  is 
the  foundation  of  the  art  of  making  porcelain  or  earthenware. 

Alumina,  after  ignition,  is  almost  mscduble  in  acids ;  but  the 
hydrate  readily  dissolves  in  all  strong  adds,  forming  salts 
which  have  a  peculiar  astringent  taste. 

Alumina  is  precipitated,  as  hydrate,  from  its  solutions  by 
potash,  soda,  ammonia,  and  their  carbonates ;  but  the  precipi- 
tate readUy  dissolves  in  an  excess  of  the  two  first.  Hydrosul* 
phnret  of  ammonia,  which  precipitates  none  of  the  previously- 
deseribed  metallic  oxides,  causes  in  solutions  of  alumina  a 
precipitate,  wluch,  however,  is  not  a  sulphuret,  but  the  hydrate 
of  alamina  precipitated  by  the  ammonia  of  the  test. 
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Besides  the  nse  of  alumina  in  potteiy,  it  is  mnch  used  in 
dyeing  and  calico-printing,  from  its  attraction  for  vegetable 
colouring  matters,  and  for  the  fibre  of  cloth.  It  forms  a  bond 
of  union  between  the  cloth  and  the  dye,  and  fixes  the  latter  on 
the  former.  It  is  said,  in  this,  to  act  as  a  mordant^  and  is  most 
flenerally  used  in  the  shape  of  alum  or  acetate  of  alumina. 
When  solution  of  alum  is  mixed  with  a  colouring  matter,  and 
the  alumina  then  precipitated  by  an  alkali,  the  hydrate  carries 
with  it  all  the  colouring  matter,  or  the  greater  part  of  it,  and 
forms  what  is  called  a  lake.  The  water  colour  termed  lake  is 
merely  a  lake  made  with  some  pink  dye  stuff,  such  as  madder 
or  logwood.    Carmine  is  a  lake  of  cochineal. 

ALUinNUM  AND    OHLOBINS. 
Sesquichloride  of  Alaminum.    Al^  CI,  «*  133'81. 

This  compound  is  prepared  by  passing  chlorine  gas  oyer  a 
mixture  of  alumina  and  charcoal,  heated  to  redness  in  a  tube. 
The  chloride  sublimes  into  the  cold  part  of  the  apparatus.  It 
forms  a  yolatile  crystalline  mass,  colourless  or  slightly  yellow. 
It  fumes  in  the  air,  and  dissolves  in  water  with  much  heat. 
It  appears  at  first  to  combine  with  the  water,  forming  a 
hydrated  chloride,  Al  CI,,  3  HO  ;  but  on  heating  this,  hydro- 
chloric acid  is  expelled,  and  alumina  is  left,  Al,  CI,,  3  HO  = 
Al,  0„  3  H  CI.  The  chloride  is  used  for  the  preparation  of 
aluminum.  ' 

The  sulphuret  of  aluminum  is  formed  when  sulphur  is 
dropped  on  red-hot  aluminum.  It  is  a  dark  grey  mass,  which 
decomposes  water,  forming  sulphuretted  hydrogen  and  alumina, 
and  hence  its  composition  must  be  Al  S,.  If  so,  we  have 
Al,  S  -h3H0  =  Al,  0, -h3  HS.  Similar  compounds  are 
formed  with  phosphorus  and  selenium. 

t22.  Gldcinum.      23.  Yttrium.      24.  Thorihum.     26.  Zxaoomtm. 

These  metals,  or  rather  their  oxides,  are  all  so  rare  as  not 
to  admit  of  any  useful  application.  The  oxides,  which  axe 
glucina,  yttria,  thorina,  ana  zirconia,  only  occur  in  a  few  ran 
minerals. 

Glucina  occurs  in  the  emerald  and  the  beryl.  Its  composi* 
tion  is  analogous  to  that  of  alumina ;  and  its  formula  is  G  O,. 
It  is  a  white  powder,  insoluble  in  water,  soluble  in  acids,  form- 
ing salts  which  haye  a  sweetish  taste.  It  resembles  alumina 
▼eiy  much,  but  differs  from  it  in  being  soluble  in  solution  of 
carbonate  of  ammonia.    The  metal,  which  may  be  obtained, 
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like  alnminnm,  from  the  chloride^  bums  with  amazmg  splen- 
door  when  heated  in  oxygen. 

TUria,  the  oxide  of  yttriom.  occors  in  gadolinite,  in  yttroce- 
iite>  and  in  yttrotantalite.  Tne  pore  earth  is  a  white  powder, 
which  dissolyes  in  acids,  forming  sweetish  salts,  from  which 
yttiia  is  precipitated  by  alkalies ;  but  is  not,  like  alumina  and 
glndna,  redissolyed  by  excess  of  potash  or  soda.  It  is,  more* 
over,  precipitated  by  feirocyanide  of  potassium,  whicn  these 
earths  are  not.  Yttria  seems  to  be  a  protoxide  of  yttrium, 
T  O.  The  salts  of  yttria  have  often  an  amethyst  colour ;  but 
the  recent  researches  of  Mosander  seem  to  show  that  this  is 
owing  to  the  presence  of  the  oxide  of  one  of  the  new  metals 
dete<Sied  by  him,  which  accompany  yttrium.  It  is  probable 
that  pure  yttria  is  not  yet  known. 

Thotina  is  still  more  rare,  and  has  only  been  found  in  one 
mineral — ^thorite.  It  is  a  white  powder,  resembling  yttria. 
The  metal,  thorinum,  bums  in  air  or  oxygen,  when  heated, 
with  great  splendour.  It  also  bums  with  sulphur  and  phos- 
phorus, as  do  the  two  preceding  metals. 

Qroonia  is  found  in  the  zircon  or  hyacinth.  It  resembles 
ahimina  in  appearance.  It  differs  from  all  the  preceding 
earths  in  being  precipitated  as  an  insoluble  subsulphate,  when 
solutions  of  its  salts  are  boiled  with  sulphate  of  potash.  The 
metal,  zirconium,  resembles  aluminum.  The  oxide  is  believed 
to  be  a  sesquioxide  Zr,  0,. 

METALS.— CLASS  II. 

OkDEB  1. — ^MSTALS,  TOB  pROTOXIDES  OF  WHICH  ARB  PoWERFUL 

Bases,  but  which  do  not  Decompose   Water,  unless 
wrrH  the  Aid  op  a  Red-heat. 

26.  Mangaxub.     Mii=27'7. 

This  metal  occurs  in  considerable  abundance,  ehiefly  as 
dentoxide  or  peroxide  Mn  0,,  which  is  much  used  in  the  arts 
and  in  chemical  manufactures,  as  well  as  in  the  laboratory. 
The  metal  is  obtained  by  making  oxide  of  manganese  into  a 
paste  with  oil,  and  exposing  this  paste  to  a  strong  white-heat 
in  a  covered  cracible.  If  the  heat  be  high  enough,  a  button 
of  the  metal  is  obtained. 

It  is  a  hard,  brittle,  very  difficultly  frisible  metal,  of  a  grev- 
idi  white  colour,  Sp.  G.  8013.  It  tarnishes  on  exposure  to  the 
air,  and  is  rapidly  oxidised  when  heated.  It  decomposes 
water  rapidly  at  a  red-heat,  hydrogen  being  disengaged.  As  a 
metali  it  is  not  applied  to  any  usefol  purpose. 
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MANGANESE  AND   OXYOSN. 

ft.  Ptotoxide  of  Manganese.     Mn  O  =  85-713. 

This  oxide  is  obtained  when  the  peroxide  is  acted  on  by 
hydrogen  gas  at  a  red-heat.  But  the  best  method  b  to  heat  to 
redness  a  mixture  of  1  part  of  diy  chloride  of  manganese,  1  part 
of  sal-ammoniac,  and  2  parts  of  dry  carbonate  of  soda.  The 
chloride  acts  on  the  soda,  Mn  a  -|-  Na  0  =  Mn  0  -h  Na  CI; 
forming  oxide  of  manganese  and  chloride  of  sodium:  while 
the  carbonic  acid  escapes  as  gas:  the  sal-ammoniac  is  also 
expelled,  and  its  vapour  serves  merely  to  exclude  the  oxygen 
of  the  atmosphere.  From  the  fused  mass,  water  extracts  the 
chloride  of  sodium ;  and  leaves  the  protoxide  of  manganese 
undissolved. 

It  is  a  powder  of  a  pale  grass  green  colour,  which,  if  pre- 
pared by  hydrogen  at  a  low  red-heat,  soon  attracts  oxygen 
from  the  air  and  becomes  brown.  If  it  has  been  made,  howe- 
ver, at  an  elevated  temperature,  especiidlv  by  the  second 
E recess,  it  is  more  compact,  and  keeps  tolerably  well.  When 
eated  in  the  air,  it  takes  fire  and  bums. 

Protoxide  of  manganese  is  a  powerful  base,  neutralising 
acids  and  forming  salts,  which  are  either  colourless  or  have  a 
tinge  of  flesh  colour.  Its  solutions  give,  with  caustic  alkalies, 
a  precipitate  of  hydrate,  which  is  at  first  white,  but  soon 
absorbs  oxygen  and  becomes  brown ;  with  carbonated  alkalies, 
a  white  precipitate  of  carbonate  of  manganese,  which  retains 
its  whiteness  till  it  is  dried,  when  it  becomes  generally 
slightly  fawn-coloured.  Hydrosulphuret  of  ammonia  causes  a 
flesh-coloured  precipitate  of  sulphuret  of  manganese,  which, 
in  the  air,  absorbs  oxygen  and  becomes  brown.  Chloride  of 
soda  or  bleaching  liquor  causes  a  bullor  dark-brown  pre- 
cipitate of  hydrated  peroxide.  The  two  last  tests  are  charac- 
teristic. Ferrocyanide  of  potassium  gives  a  white  precipitate. 
All  the  salts  of  protoxide  of  manganese  may  easily  be  pre- 
pared from  the  carbonate,  which  again  is  most  economically 
made  from  the  chloride,  the  preparation  of  which  will  be 
described  below.    The  sulphate  is  used  in  calico-printing. 

b.  Sesqnioxide  of  Manganese.     Mn^  O,  =  79*439. 

This  oxide  is  left  behind  when  the  peroxide  is  ignited  in 
preparing  oxygen  gas.  2  Mn  0,  =  Mn,  0,  -h  0.  It  is  a 
oarK-brown  powder,  very  similar  to  the  peroxide,  but  rather 
lighter  in  colour,  and  yielding  no  oxygen  when  ignited.  It  is 
a  feeble  base,  and  is  only  known  to  combine  with  sulphuric 
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acid,  forming  an  amethyst-coloured  solntion  of  sesquisnlphate. 
With  sulphates  of  potash  and  ammonia,  this  salt  forms  man- 
ganese alums,  which  crystallise  in  dark  purple  octahedrons. 
When  heated  with  sulphuric  acid,  it  yields  oxygen,  and  with 
hydrochloric  acid,  chlorine,  hut  less  of  either  than  the  per- 
oxide, which  see.  As  some  specimens  of  peroxide  are, 
naturally  or  accidentally,  mixed  with  sesquioxide,  the  manu- 
facturer finds  it  a  source  of  inconyenience  and  loss.  It  occurs 
in  a  pure  state  as.hraunite,  and  combined  with  baryta  in 
psilomelan.  Its  hydrate  is  the  mineral  manganite.  Its 
powder  ia  dark  brown. 

c  Hvperozide  or  Peroxide  of  Manguieae.    Mn  O,  =  43*726. 

Syn.  Deutoxide  of  Man^ne9§,—T\n%  oxide  is  found  in  con-* 
siderable  abundance,  and  is  known  in  the  mineral  kingdom  as 
P3nrolaaite.  It  generally  assumes  the  form  of  a  black  shining 
mass  composed  of  radiated  groups  of  acicular  crystals ;  also 
in  distinct  crystals,  which  are  right  rhombic  prisms;  and 
in  the  compact  and  even  earthy  state.  Its  powder  is  black. 
When  heated  to  redness,  it  loses  one-fourth  of  its  oxygen, 
leaving  ses(]uioxide ;  2  Mn  0,  =  Mn  0,  +  O.  In  a  white- 
heat  it  is  said  to  lose  half  its  oxygen,  leaving  protoxide.  Heat- 
ed with  oil  of  vitriol,  it  forms  sulphate  of  protoxide,  and 
half  the  oxygen  is  expelled.  Mn  O,  -}-  HO,  SO^  =  (Mn  0, 
HO,  SOJ  4-  0.  With  hydrochloric  acid  it  yields  chlorine, 
chloride  of  manganese,  and  water.  Mn  0,-|-2HCl  =  Cl-H 
Mn  CI  -h  2  H  0.  It  also  yields  chlorine  when  heated  with 
common  salt  and  sulphuric  acid ;  and  this  is  the  process 
commonly  used  by  the  manufacturers  of  bleaching  powder. 
MnO,  -f  NaCl  +  2H0,S03  =  (MnO,  HO,  SO,)  -h  (NaO, 
H0,S03)-|-C1. 

It  is  farther  used  in  glass-making  to  destroy  the  colour 
given  to  the  glass  by  protoxide  of  iron,  which  it  converts  into 
peroxide ;  in  larger  proportion,  to  give  glass  an  amethyst 
colour ;  and  in  numerous  operations  in  the  laboratory  as  a  con- 
venient oxidising  agent. 

With  water,  peroxide  of  manganese  forms  a  hydrate,  MnO,, 
HO,  which  is  ootained  when  salts  of  the  protoxide  are  acted 
on  by  bleaching  liquor,  or  when  the  acids  of  manganese  are 
spontaneously  decompoiBed.  It  is  a  beautiful  brown  powder, 
vhich  is  decomposed  by  heat. 

d.  Maoganic  Acid.    Mn  0,  =  51-739. 
This  acid  has  not  been  isolated.     It  is  onl^  known  in  com- 
bination with  bases,  especially  potash,  in  which  state  it  forms 
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the  chief  ingredient  of  the  mass  called  chameleon  mineral, 
formed  by  igniting  peroxide  of  manganese  stronsly  with  nitre, 
or  still  better  by  heatinff  a  mixture  of  peroxide,  chlorate  of 
potash  and  caustic  potash.  A  dark  green  mass  is  formed, 
which  is  the  chameleon  mineraL  The  green  colour  is  a 
property  of  manganic  acid  and  all  its  salts.  The  peroxide 
obtains  oxygen  from  the  nitre  or  chlorate  of  potash,  and  the 
acid,  when  formed,  combines  with  the  potash.  Water  dis- 
solves the  manganate  of  potash,  forming  a  splendid  emerald- 
green  solution,  which  very  soon  begins  to  change  colour,  and 
passes  through  bottle-fi:reen,  blue,  and  purple,  to  a  fine  crimson 
red,  hydrat^^peroxide  of  manganese  being  at  the  same  time 
deposited.  The  red  colour  belongs  to  a  salt  of  the  next  add, 
permanganic  acid  fsee  below).  The  salts  of  manganic  acid 
are  decomposed  it  kept  in  solution,  depositing  hydrated 
peroxide. 

e.  Permanguiic  Acid.    Mn^  0,  =  111*491. 

The  salt  of  this  acid  with  potash,  permanganate  of  j^taah, 
is  formed,  when  the  chameleon  mineral  (see  above)  is  dis- 
solved in  hot  water.  The  green  colour  of  the  manganate 
changes  to  red,  while  hydrated  peroxide  separates.  3  eq. 
manganate  of  potash  give  rise  to  1  ea.  permanganate,  1  of  per- 
oxide, and  2  of  free  potash :  3  (KO,  Mn  0,)  =  Mn  0,  +  (EO, 
Mn,  0 ,.)-{- 2  KO.  When  the  red  solution  is  sufficiently 
evaporated,  it  deposits  small  dark  bronze-coloured  crystals  of 
permanganate  of  potash. 

This  salt  is  more  permanent  than  the  man{;anate;  but 
when  we  attempt  to  isolate  the  acid,  it  is  rapidly  decom- 
posed, yielding  hydrated  peroxide  and  oxygen  gas,  Mn,  O.  = 
2Mn  0,4-0. 

The  name  of  chameleon  mineral  was  given  to  the  compound 
above  described  from  its  singular  changes  of  colour.  Both  the 
above  acids  possess  and  communicate  to  their  salts  very 
beautiful  colours ;  but  they  cannot  be  used  in  dyeing,  &c., 
because  these  acids  are  so  easily  decomposed,  especially  by 
the  contact  of  oivanic  matter.  They  ought  to  be  filtered 
through  asbestos  when  they  roquiro  filtration, 

f.  Red  Chdde  of  Manganese.    Mn.  O^  =  115152. 

This  oxide  occurs  in  nature,  and  may  be  obtained  when  any 
other  oxide  of  manganese  is  strongly  ignited  in  an  open 
crucible.  It  is  very  permanent  in  composition :  its  colour  is 
reddish-brown.  It  is  not  supposed  to  be  an  independent 
oxide  of  the  metal,  but  rather  a  compound  of  two  other  oxides. 
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It  may  be  either  MnO+Mn.O,  orHuO,  +2MnO,  and  it 
is  not  easy  to  ray  which. 

g.  Vwvicite.    Mn^  O,  =:  166*8. 

This  is  another  oxide,  fonnd  native  in  Warwickshire, 
whence  the  name.  It  resembles  the  peroxide,  but  is  really 
distinct  It  is  probably  a  conipound  of  two  others,  Mn. 
0,  +  2MnO.. 

MANOANXSlt  AND   CHLOfUNE. 

ft.  Protochloride  of  Mangftneee.     Mn  Gl  =:  63*15. 

This  salt  is  best  obtained  by  the  following  process : — The 
solation  formed  in  the  preparation  of  chlorine  by  means  of 
peroxide  of  manganese  and  nydrochloric  acid,  which  is  gene- 
lally  a  mixture  of  chloride  of  manganese  and  more  or  less 
perefaloride  of  iron,  is  first  rendered  neutral  by  gently  evapo- 
rating it  to  dryness.  It  is  then  redissolved,  and  a  portion  of 
it  precipitated  by  carbonate  of  soda,  which  throws  down  a 
miztore  of  peroxide  of  mm  and  carbonate  of  manganese. 
IfnCl  +  Fe^Cl,  acted  on  by  4(NaO.  COJ  yield  (MnO, 
CO  )  +Fe  0  +  4  Na  Cl-f  3  CO..  The  precipitate  is  well 
wauued,  and  tnen  boiled  with  the  rest  of  tne  solution,  when 
the  oxide  of  nuuiganese  in  the  precipitate  acts  on  the  per- 
chlonde  of  iron  in  the  solution,  producing  chloride  of  man- 
ganese, which  dissolves,  and  peroxide  of  iron,  which  separates. 
3(MnO,CO,)-|-Fe,Cl,  =  3MnCl  +  Fe  0,  +3  CO.. 
The  filtered  liquid  is  free  from  iron,  if  we  have  hit  the  pro- 
portion ru|;ht;  if  not,  a  second  operation  with  a  ^sm^er 
portioii  of  the  liquid  will  complete  the  purification.  The 
pore  solution  is  evaporated  to  diyness  in  a  retort,  and 
there  fbsed.  On  ooolins,  the  protochloride  forms  a  pink  ciys- 
talline  mass.  Iron  is  uie  ormnary  impurity  to  be  removed  ; 
but  if  other  metals  bepresent,  they  are  to  be  get  rid  of  by 
w^fopriate  means.  Thus,  if  cobalt  and  nickel  are  present, 
wbich  they  genially  are  in  small  quantity,  the  admtion  of 
h^rdrosnlphoret  of  ammonia,  as  long  as  it  causes  a  dark  pre- 
cipitaie,  or  till  it  produces  the  pure  flesh  colour  charactenstic 
of  manganese,,  will  remove  them.  The  chloride  of  manganese 
18  used  for  preparing,  by  the  action  of  an  alkaline  carlK>nate, 
pure  carbonate  of  manganese,  from  which  all  other  salts  of 
1  may  be  obtained. 


}t,    Perehloride  of  Mmoganefle.     Mn^  <31,  »  303*1 9. 

This  compound,  which  corresponds  to  the  permanganic  acid, 
\  kftmed,  uceardxag  to  Dumas  and  W5hler,  when  permanga- 
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nate  of  potash  is  heated  along  with  common  salt  and  snlphiiric 
acid.  KO,Mn,  0,  +  7NaCl-|-  8S0,=:K0,S03  -h  7 
(Na  0^  SO3)  +  Mn,  CI,.  It  is  a  greeniah-brown  volatile 
liquid}  which  is  instuitly  decomposed  by  contact  with  moist 
air,  fonning  a  dense  cloud  of  a  pink  colour.  Here  water  is 
acted  on,  and  the  products  are  hydrochloric  and  permanganic 
adds.    Mn,  CI,  +  7  H  O  =  Bin,  O,  +  7  H  CI. 

c    Perfluoride  of  Maagineae,    Mn,  F,  =  186*46. 

When  mineral  chameleon  (or  better,  permanganate  of 
potash)  is  acted  on  by  sulphuric  acid  and  fluoride  of  calcium 
(fiuor  spar)  with  the  aid  of  heat,  a  greenish-yellow  gas  or 
vapour  IS  disengaged,  which,  with  moist  air,  instantly  becomes 
red.  It  acts  poweifuUy  on  glass.  Its  composition  seems  to 
correspond  to  that  of  the  preceding  compound,  and  its  produc- 
tion is  to  be  explained  in  the  same  way,  substituting  fluoride  of 
calcium  for  chloride  of  sodium.    (Wohler.) 

d.    ProtosolpbiiMt  of  Msnguieie.    Ma  8  =  43*79. 

This  compound  is  found  native.  It  may  be  formed  by  pass-" 
ing  a  current  of  sulphuretted  hydro^n  over  sulphate  of 
manganese  at  a  red-heat.  The  sulphuric  acid  of  the  sulphate 
is  expelled,  and  the  protoxide  is  acted  on  by  the  sulphuretted 
hydrogen.  Mn  0  +  H8=  Mn  S  +  HO.  It  is  nearly  black 
in  colour,  and  dissolves  readily  in  dilute  hydrochloric  and  other 
acids,  with  disengagement  of  sulphuretted  hydrogen.  Mn  8  + 
H  Cl=:  Vn  CI  -f  H  8.  The  flesh-coloured  precipitate  formed  in 
salts  of  protoxide  of  manoanese  by  hydrosulphuret  of  ammonia, 
or  any  other  soluble  sulphuret,  is  a  nydrated  protosulphuret  of 
manganese,  Mn  8,  H  O. 

27.    laov.    Fe  =  28. 

This  important  and  useful  metal  occurs  very  abundantly  in 
nature.  It  is  occasionally  found  in  the  uncombined  state  in 
masses,  most  probably  of  meteoric  origin :  but  its  most  common 
form  is  that  of  oxide,  frequently  xmcombined,  frequently  also 
combined  with  carbonic  acid.  It  is  found,  likewise,  abun* 
dantly  as  sulphuret.  There  is  hardly  a  rock,  a  sou,  or  a 
mineral  which  does  not  contain  some  proportion,  generally  a 
small  one,  of  oxide  of  iron :  and  the  carbonate  is  a  frequent 
ingredient  in  mineral  waters,  which  are  then  termed  chalybeate 
waters. 

The  chief  ores  of  iron  are — 1.  Clay  iron  stone,  which  is  a 
niore  or  less  pure  carbonate  of  protoxide,  generally  containing 
carbonates  of  lime  and  magnesia;  it  accompanies  ooal  beds 
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both  in  Bn^^luid  and  in  Scotland.  2.  Bed  hematite^  which  ia 
pare  peroude  or  sesqaioxide  of  iron;  and  brown  hematite, 
which  is  hydiated  peroxide.  3.  Black  or  magnetic  oxide 
of  iron. 

Fnmi  its  ores  iron  is  obtained  by  heating  them  in  fnmaoea, 
in  the  npper  part  of  which  the  ores  are  stratified  with  coal,  lime, 
and  sandstone.  The  carbon  of  the  coal,  at  a  red-heat,  redncea 
the  iron  to  the  state  of  metal,  while  the  sand  and  lime  act  as 
a  flux,  and  form  a  liquid  slag,  through  which  the  melted  iron 
falls  to  the  lower  part  of  the  fomace,  where  it  is  drawn  off. 
The  slag  is  drawn  off  separately  after  the  iron,  and  on  coolhtf 
is  found  to  be  a  mixture  of  silicates  of  lime  and  magnesia  with 
a  little  iron. 

The  iron  thus  obtained,  which  is  called  pig  iron  or  cast  iron, 
is  not  pure,  containing  some  unreduced  ore,  or  earthy  matters, 
and  a  good  deal  of  combined  carbon.  It  is  Cbut  more  fosible 
than  pure  iron,  but  also  far  more  brittle.  To  conyert  it  into 
pure  or  malleable  iron  it  is  melted  and  exposed  to  a  current  of 
air,  which  gradually  bums  off  the  carbon.  The  mass  is  well 
stirred,  and  the  other  impurities  rise  to  the  surface  as  slag  or 
dross.  By  degrees  the  metal  becomes  less  fusible,  and  the  heat 
must  be  increased,  till  at  last,  with  the  strongest  heat,  the  metal 
continues  solid.  It  is  then  well  hammered  while  ho^  by  which 
it  is  still  farther  purified,  and  rendered  more  dense.  It  is  not 
yet  absolut^  pure,  containing  about  -^  per  cent,  of  carbon  and 
a  trace  of  silicon.  A  yery  good  test  of  the  purity  of  iron  is 
its  ductility.  Unless  yery  pure,  it  cannot  be  drawn  out  into 
fine  wire. 

If  perfectly  pure  iron  is  wanted,  the  filings  of  malleable  iron 
should  be  fused  with  -i  their  weight  of  black  oxide  of  iron, 
and  some  green  glass  to  act  as  a  flux.  Or  pure  oxide  of  iron 
may  be  reduced  to  the  metaUic  state  by  passing  a  current  of 
hydrogen  gas  oyer  it  at  a  red-heat  The  metal  remains  as  a 
spongy  mass. 

Pure  iron  has  a  grey  colour,  and  strong  lustre  when  polished. 
It  is  yery  ductile,  moderately  malleable,  and  remarkably  tena- 
cious. It  is  hard  at  common  temperatures,  but  at  a  red-heat  it 
is  so  soft  that  it  may  be  beaten  into  any  form,  and  eyen  admits 
of  being  welded  ;  that  is,  two  pieces  of  iron  oein^heated  red- 
hot,  ma^  be,  by  hammering,  so  incorporated  into  one,  that  no 
joining  is  perceptible.  Its  Sp.  G.  is  7' 7.  It  is  yery  infusible^ 
xequinng  the  yery  highest  temperature  of  a  wind  famace  to 
melt  it. 

Iron  is  attracted  by  the  magnet,  and  may  itself  be  rendered 
pecmanentiy  magnetic  by  yarioua  means. 
k2 
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The  attraction  of  iron  for  oxygen  is  yery  poweifal,  and  when 
exposed  to  air  and  moistare  it  nuts  rapidly,  foiming  oxide  of 
iron.  When  heated  to  redness  in  air^  iron  is  very  anickly  . 
coyered  with  a  cmst  of  black  oxide,  which  scales  off  under  the 
hammer.  If  heated  to  redness  in  oxygen,  or  to  whiteness  in 
the  air,  it  bnms  with  yiyid  scintillations.  To  secure  the  result 
in  the  air,  the  white  hot  metal  must  be  exposed  to  a  current  of 
air  from  a  bellows,  or  rapidly  whirled  round:  Iron  decomposes 
water  rapidly  at  a  red-heat. 

IRON   AND  OZTOEM. 

a.    Protoxide  of  Iron.    Fe  O  =  36*01  S. 

This  oxide  is  a  powerful  base,  almost  unknown  in  a  separate 
state,  owing  to  its  tendency  to  attract  an  additional  quantity 
of  oxyffen.  It  combines  with  acids,  forming  salts,  which  haye 
ffenerally  a  pale  bluish-green  colour,  although  some  are  colour-- 
less.  Seyend  of  these  salts  are  of  great  importance  in  medi- 
cine and  in  the  arts,  particularly  the  sulphate  of  iron,  or  green 
yitriol. 

The  solutions  of  these  salts  giye  with  alkalies,  when  no 
trace  of  peroxide  is  present,  a  bulky  white  precipitate  of 
hydrated  protoxide  of  iron,  which  soon  becomes  ^pneen,  and 
lastly  brown,  being  conyerted  into  peroxide  by  absorbmg  oxygen 
from  the  air.  They  giye  a  simihur  precipitate,  not  more  per- 
manent, with  carbonated  alkalies ;  whidi  at  first  is  hydrated 
carbonate  of  protoxide,  but  as  oi^gen  is  absorbed  the  carbonic 
acid  is  ffiven  off,  peroxide  of  iron  haying  no  affinity  for  that 
acid.  With  ferrocyanide  of  potassium  they  giye  a  pale  blue, 
or  rather  a  white  precipitate,  which  gradually  becomes  dark 
blue,  and  with  ferridcyanide  of  potassium  (red  prussiate)  a 
deep  blue  precipitate  of  Prussian  blue.  These  salts  are  not 
affected  by  sulphuretted  hydrogen,  sulphocyanide  of  potassium, 
meconic  acid,  or  gallic  acid.  Hydrosulphuret  of  ammonia, 
and  soluble  snlphurets,  produce  a  black  precipitate  of  sulphuret 
of  iron. 

The  salts  of  protoxide  of  iron,  for  the  most  part,  attract 
oxygen  from  the  air  and  from  other  bodies,  passing  into  salts  of 
the  peroxide.  Hence  they  act  in  some  cases  as  deoxidising 
agents.  Gold  is  completely  reduced  from  its  solutions  by  pro* 
tosulphate  of  iron. 

b.    Sesquioxideof  Iron.     Fe,  O,  =  80*039. 

Syn.  Peroxide  of  Iron. — This  oxide  is  found  natiye,  as  red 
hematite  and  specular  iron  ore,  and  hydrated,  as  b^own  hema- 
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tite.  It  miLj  be  prepared  artificially  by  calciniiu;  pure,  dried 
green  Titriof,  when  tne  protoxide  is  oxidised  at  tne  expense  of 
the  salphnric  acid,  and  water,  along  with  snlpharic  and  sul- 
phnrons  acids,  is  expelled.  2  (Fe  0,  H  0,  S  0,)=  Fe,  O,  + 
2  H  O  +  S  0,  +  SO,.  A  red  powder  is  left,  which  is  per- 
oxide of  iron,  and  in  this  form  it  is  nsed  for  polishing  plate,  as 
jeweller's  ronge,  or  colcothar  of  yitriol.  Il^drated  peroxide  of 
iron  is  obtained  by  precipitatinff  a  solution  of  persulphate  of  iron^ 
or  perchloride  oi  iron  by  an  aDcali,  whether  caustic  or  carbon* 
atecL  When  protosniphate  of  iron  is  precipitated  by  an 
alkaline  carbonate,  the  precipitated  protocarbonate,  during  the 
prooem  of  washing  and  drying,  loses  its  carbonic  acid,  and 
attracts  oxygen,  becoming  hydrated  peroxide.  This,  when  dry, 
is  a  brown  powder,  used  in  medicine  under  the  erroneous  name 
of  carbonate  of  iron.  In  the  moist  state,  it  is  the  only  known 
antidote  to  arsenious  add. 

Peroxide  of  iron  is  not  ma^etic.  It  is  a  base,  although  not 
a  powerful  one,  forming,  with  acids,  salts  which  are  either 
yeUow,  brown,  or  red.  The  solutions  of  such  salts  or  persalts 
of  iron,  as  they  are  called,  are  very  easily  recognised.  They 
give,  with  caustic  or  carbonated  alkalies,  a  brown  precipitate 
of  hydrated  peroxide ;  with  ferrocyanide  of  potassium  a  deep^ 
Pnusian  blue ;  with  ferridcj^anide  of  potassium  no  precipitate ; 
with  sulphocyanide  of  potassium,  or  with  meconic  acid,  a  olood- 
red  colour,  and  with  tannic  acid  ^or  tannine)  and  gallic  acid,  a 
bluish-black  colour  (ink^.  Sulpnuretted  hydrogen  causes  a 
white  precipitate  of  sulphur,  while  the  peroxide  is  reduced  to 
protoxide :  nydrosnlphuret  of  ammonia  causes  a  black  precipi^^ 
tate  of  sulphuret  of  iron.  These  tests  are  so  delicate  and  so 
uniform,  especially  those  of  ferrocyanide  of  potassium,  sulpho- 
cyanide of  potassium  and  tannic  acid,  or  infusion  of  galls,  that 
it  is  always  best  in  testing  for  iron,  to  conyert  anjr  protoxide 
that  may  be  present  into  peroxide,  which  is  easily  done  by 
boiling  tne  solution  with  a  uttle  nitric  add* 

c  Mignetic  oxide  of  Irom    Fe.O^^l  16*052:  and  Fo^OgZ=.U^0^5, 

This  oxide  is  the  natiye  magnet,  or  loadstone,  which  is  a 
heayy  black  mineral,  strongly  attracting  iron  filinss,  or  steel. 
It  is  belieyed  to  be  composed  of  protoxide  and  V>®roxide, 
and  the  natiye  magnet  is  generally  supposed  to  be  Fe,  0.  = 
Fe  O  +  Fe,  0,»  There  is  reason,  howeyer,  to  belieye,  that 
anotiier  kind  of  magnetic  oxide  exists,  which  is  Fe«  O^  = 
SFeO  +  Fe,  O,.  At  all  eyents,  both  of  these  compounds 
may  be  formed  artificially,  and  both  are  magnetic  as  well  as 
permanent ;  not  absorbing  oxygen,  or  passing  into  peroxide. 
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To  prepare  the  fonner,  take  2  parts  of  men  yitriol ;  dissolve 
it  in  water  and  conyert  it  into  persolj^te  by  boiling  with 
nitric  acid ;  then  mix  the  solution  with  the  solution  of  1  part 
of  the  unaltered  green  vitriol,  and  precipitate  the  hot  liquid 
by  ammonia.  A  green  precipitate  falls,  which  is  to  be 
washed  and  dried.  The  second  magnetic  oxide  is  prepared 
in  the  same  way,  only  converting  into  persulphate  1  part  of 
green  vitriol  instead  of  2  parts.  The  precipitate  is  black,  if 
made  in  the  liquid  while  hot.  It  is  evident  that  in  the  latter 
case  the  quantity  of  iron^  in  the  forms  of  protoxide  and  of 
peroxide,  will  be  equal ;  in  the  former,  the  quantity  of  iron 
in  the  peroxide  will  be  double  that  in  the  protoxide,  so  as  to 
yield  the  above  formuls.  Magnetic  oxide  of  iron  is  also 
formed  when  iron  is  heated  rea-hot,  and  hammered.  The 
black  scales  which  separate  (smithy  ashes)  are  magnetic.  The 
same  oxide  is  produced  when  the  vi^nmr  of  water  i»  passed 
over  iron  at  a  red-heat,  hydrogen  being  disoigaged.  It  is 
used  in  medicine. 

When  black  oxide  of  iron  is  dissolved  in  acids,  both  pro- 
toxide and  peroxide  are  present.  The  latter  may  be  precipi- 
tated by  digestion  with  carbonate  of  lime,  after  which  tne 
former  can  he  detected  in  solution, 

IRON   AMD  CHIORINX. 

s.  Protocbloride  of  Iron.    Fe  CI  rr68*47. 

This  compound  is  formed  when  dry  hydrochloric  acid  gas  is 
passed  over  iron  heated  to  redness,  hydrogen  gas  being  dis- 
engaged. Fe+ HCl  =  FeCl-hH.  It  appears  as  a  white 
crystalline  solid,  volatile  in  a  veiy  high  temperature.  It 
dissolves  readily  in  water,  forming  a  pale-green  solution, 
which  yields  on  evaporation  czystals  of  the  same  colour. 
These  contain  water  of  crystallisation.  The  characters  of  this 
solution,  its  colour,  taste,  and  reactions,  are  so  exactly  those 
of  a  solution  of  a  siJt  of  protoxide,  that  were  is  good  reason  to 
conclude  that  the  chloride,  in  dissolving,  decomposes  water, 
forming  protoxide  of  iron  and  hydrochloric  add. 

b.  Perchloride  of  Iro^i.    Fe,  Cl,  =  162'85. 

Stn.  Segquiehloride  of  Iron:  Pemrnriate  of  Iromr^li  is 
formed  when  chlorine  gas  is  passed  over  iron  heated  to  a  tern- 
perature  below  redness,  when  it  appears  as  red  iridescent 
scales,  volatile  at  a  temperature  little  beyond  212°,  and  soluble 
in  water,  alcohol,  and  ether.  A.  solution  of  the  perchloride 
is  easily  obtained  by  dissolving  peroxide  of  iron  in  hydro- 
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ehlorie  add:  Pe,  0,  +  3  H  CI  =  Fe,  CI,  +  3H0.  Whei 
evaporated  to  the  coosiateiioe  of  aynip,  and  cooled,  it  forms 
red  oystala,  which  contain  water  of  cijstalliflation.  When 
heated,  thc^  are  partly  decomposed,  peroadde  being  foimed, 
and  hydrocoloric  add  passing  o£F,  in  oonsequience  of  the  action 
betweea  perchloride  of  iron  and  water.  As  perchloride  of 
iron  is  a  volcanic  product,  it  is  probably  in  this  way  that  the 
dTStals  of  peroxide,  found  in  volcanic  districts,  have  been 
formed.    Perchloride  of  iion  is  mnch  used  in  medicine. 

IBON  AND  lODINB. 

s.  Ptotoiodide  of  Iron.    Fe  I  =  154*8» 

When  iron  filings  and  iodine,  in  atomic  proportions,  are 
broo^t  in  contact  under  water,  they  rapidly  combine,  with 
considerable  heat>.  and  the  resulting  iomde  dissolves  in  the 
water.  The  whole  is  boiled' with  a  slight  excess  of  iron  for 
a  short  time,  and  the  pale-ereen  filtered  solution  rapidly 
boOed  down  in  a  Florence  nask,  till  on  cooling  it  becomes 
solid.  The  solid  mass  of  iodide  is  broken  up,  and  kept  in 
very  dosely-stopped  bottles.  It  forms  a  dark  gr^j  ciyst&lline 
mass;,  which  is  very  soluble  in  water,  and  forms  a  pale-green 
sdmtion;  the  solution,  which  is  much  used  inmedidne,  attracts 
oxygen  rapidly  from  the  atmosphere,  and  is  decomposed,  iodine 
escaping,  and  peroxide  being  deposited.  It  is,  therefore,  neces- 
saiy  to  prepare  it  extemporaneously,  or  to  keep  it  in  small  tight- 
ly-corked Dottksy  with  a  p6rtion  of  dear  kon  wire  in  each. 

b.  Periodide  of  hron.    Fe,  I,  =  43i*d. 

This  compound  is  made  b^  causing  an  excess  of  iodine-  to 
ad  on  iron  wire,  and  subliming  the  £y  mass  left  after  gantly 
evaporatins  to  dryness.  It  is  a  volatile,  deliquescent  l)ody, 
of  a  red  colour,  soluble  in  water  and  alcohol. 

TIm  bfonidea  of  iron  are  analogous  to  the  chlorides  and 
iodides ;  and  the  fluorides  correspond  in  composition,  but  are 
sparingff  soluble  in  water. 

ikoN  AND  SULPHUR. 

ft.  Ptotoanlpliiiret  of  Iron.    Fe  8  =44*12. 

This  sulphuret  is  prepared  by  heating  iron  filiiijgs  .with  sul- 
phur in  atomic  proportionsi  wlien  they  combine  with  evolution 
of  heat  and  light.  Or  a  bar  of  iron  may  be  heated  to 
whiteness  in  a  forge,  and  a  stick  of  roll  sulphur  applied  to 
the  hot  metali.whidi  is  instantly  perforated,  while  the  sul- 
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pfanret  &lls  to  the  groutd  in  melted  globules,  haviiiff  s 
yellowish  colour  and  metallic  lustre.  Prepared  bj  the  first 
process,  it  is  partly  in  crystalline  grains,  putly  in  the  form  of 
a  black  powder.  It  is  used  for  procnring  sulphuretted  hydro- 
gen gas,  which  is  formed  when  the  protosalpharet  is  dia- 
solved  in  hydrochloric  or  sulphuric  acid.  Fe  S  +  H  CI  ^ 
FeCl-hHS. 

b.  Sesquiiulphnret  of  hron.    Feg  S,  =:  104-36. 

It  is  formed  by  the  action  of  hydrosulphuric  acid  (sul- 
phuretted hydrogen)  on  peroxide  of  iron,  at  a  heat  not  above 
212",  as  a  yeliowish-grey  powder ;  or  by  addinjg  perchloride 
of  iron  to  an  excess  ofhydrosulphuret  of  ammonia,  as  a  black 
powder,  rapidly  oxidised  by  exposure  to  the  air. 

c  Bisolpburetoflron.    Fd  89  =  60-24. 

Syn.  Iran  Pyrites. — ^This  is  a  very  abundant  mineral,  of  a 
yellow  colour  and  metallic  lustre,  ciystalliaing  in  cubes  or 
octahedrons.  When  heated  in  close  vessels,  it  loses  nearly 
half  its  sulphur,  which  may  be  collected,  magnetic  pyrites 
being  left.  Iron  pyrites  is  often  contaminated  vdth  arsenic, 
whicn  accompanies  the  sulphur,  and  is  found  in  the  sulphuric 
acid  made  from  it. 

d.  Kagnetic  Pjiites.    FOfS,  =  280*7. 

This  also  occurs  in  nature,  and  is  attracted  by  the  magnet. 
It  dissolves  in  acids,  yielding  sulphuretted  hydrogen  and  a 
residue  of  sulphur. 

Arfwedson  has  formed  two  other  sulphurets,  the  tetiasnl- 
I^huret  Fe^  S,  and  the  disulphuret  Fe,  S,  which  have  no  par« 
ticular  interest. 

Diphosphuret  of  iron  is  an  ingredient  in  some  kinds  of  iron, 
and  has  the  bad  effect  of  rendering  it  cold  shorty  that  is, 
brittle  at  common  temperatures. 

IBON  AND  CARBON. 

Iron  forms  with  carbon  two  distinct  compounds,  the  pre- 
cise composition  of  which  is  unknown.  These  are  cast  uon 
and  steel. 

Cast  iron  is  obtained  in  the  process  for  extracting  iron  firont 
its  ores.  It  occurs  in  two  forms,  white  and  grey.  Both  fuse 
far  more  readily  than  pure  iron.  White  cast-iron  is  veiy  hard 
and  brittle ;  it  contains  about  6  per  cent,  of  carbon.     Grey 
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casl-iion  ig  softer  hoA  tougher;  it  contains  between  3  and  4 
per  cent,  of  carbon,  in  part  uncombined. 

Steel  contains  from  1*3  to  1'75  per  cent,  of  carbon.  It  is 
less  fiisible  than  cast-iron,  and  is  much  harder,  more  elastic^ 
and  more  sonoroos  than  pnre  iron.  It  is  made  by  cementa^ 
tion:  that  is,  alternate  layers  of  iron  and  charcoal  are  placed 
in  a  closed,  chamber  and  heated  to  redness  for  several  days, 
during  which  time  a  gradual  combination  takes  place. 

28.  Zinc    Zn=S2-8. 

This  metal  IB  found  in  considerable  abundance.  It  occursi 
as  snlphnxet,  in  zinc  blende ;  and  as  carbonate  of  the  oxide  in 
ralamme  To  obtain  the  metal,  the  sulphuret  is  roasted  in 
the  air  till  the  sulphur  is  burnt  off  and  the  sine  converted  into 
oxide ;  or,  what  is  nrefsrable,  the  carbonate  is  heated  tUl 
all  the  carbonic  add  and  water  it  contains  are  expelled, 
Uxmg  oxide  of  cine.  The  oxide  is  now  mixed  with  charcoal 
and  tEe  mixture  distilled  in  retorts,  or  in  crucibles,  dosed 
at  the  top,  but  having  a  tube  open  at  both  ends  fitted  into  the 
bottom,  and  reaching,  within,  nearly  to  the  cover.  The  oxide 
is  reduced  by  the  action  of  the  cnarcoal  at  a  full  red-heat, 
and  the  metal  being  volatile,  distils  over  and  is  condensed 
in  water. 

Zinc  has  a  bluish-white  colour  and  bright  lustre,  and 
tarnishes  slowly  on  exposure  to  the  air.  Its  Sp.  Q,  is  about  7» 
It  is  brittle  at  ordinary  temperatures ;  but,  between  250**  and 
300^,  it  is  both  malleable  and  ductile,  and  may  be  rolled  or 
hammered  into  sheets  of  considerable  thinness.  It  melts  at 
773°  (Daniell),  and  at  a  high  red  or  white-heat  sublimes  or 
distils  unchanged  in  close  vessels.  Heated  strongly  in  air,  it 
takes  fire  and  bums  with  a  beautiful  white  lignt|  forming 
oxide  of  line. 

2TN0  AMD  OXYGEN. 

Protoxide  of  Zinc.     Zn  0  =  40'31S. 

The  oxide  which  is  formed  when  zinc  is  burned  in  the  air 
is  the  only  compound  of  these  elements.  It  may  also  be 
obtaised  by  heating  the  carbonate  to  redness,  or  bjr  precipitating 
the  sulphate  of  zinc  by  a  caustic  alkali,  in  which  latter  case 
we  obtain  a  bulky  ^latinous  hydrate  of  the  oxide.  Oxide  of 
zinc  is  a  fine  white  powder,  insoluble  in  water,  but  veiy 
sohible  in  adds,  which  it  neutralises,  being  a  very  powerful 
base,  of  the  same  class  as  magnesia. 

Solutions  of  oxide  of  cine  are  reoogmsed  by  the  following 
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d^Eacten.  Ganstic  alkaUes  produee  a  bulky  iniute  pndtataU 
of  hydrate,  soluble  in  an  excess  of  the  alludi.  The  alkaline 
eturbonates  precipitate  a  balky  white  carbonate  of  zinc,  per- 
^nanent  when  carbonate  of  soda  or  potash  is  employed,  out 
soluble  in  excess  of  carbonate  of  ammonia.  Sulphuretted  hyr 
drogen  has  no  action  if  the  solution  be  acid  ;  but  if  it  be  quite 
neutral  forms  a  white  precipitate  of  hydrated  sulphuxet  of  xinc, 
which  is  .best  formed  by  hydrosulphuret  of  ammonia.  Fenxh 
cyanide  of  potassium  also  causes  a  white  precipitate. 

Chloride  of  Zinc    Zn  CI  =6775. 

This  compound  is  formed  by  the  action  of  chlorine  on  line^ 
or  by  dissolving  zinc  in  hydrochloric  add,  when  hydrogen  is 
evolved.  Zn  -f  H  01  sr  Zn  CI  +  H.  The  solution  is  evapo- 
rated to  dryness  and  sublimed  in  a  current  of  hydrochloric 
add  gas.  It  is  white,  semisolid^  very  fusible,  volatile  at  a  red* 
heat,  and  highly  deliquescent.  It  was  formerly  called  butter 
of  zinc. 

Iodide  of  ^mc    Zn  I  =  158*6. 

When  iodine  is  acted  on  by  excess  of  zinc  under  water,  an 
eneri^tic  combination  takes  place,  and  a  colourless  solution  is 
obtamed  which,  in  evaporation,  leaves  a  deliauescent  mass^ 
very  analogous  to  the  cUoride,  and  capable  of  being  sublimed 
in  crystals. 

The  bromide  and  fluoride  of  zinc  are  little  known. 

Sulphnret  of  Zine.    Zn  S  =  48*4. 

Sulphuret  of  zinc  occurs  native,  under  the  name  of.  dne 
blende,  in  dodecahedral  ciystals,  which  are  sometimes  yellow, 
sometimes  red,  brown,  or  black.  It  may  be  formed  by  heai« 
ing  oxide  of  zinc  with  sulphur,  or  sulphate  of  zinc  with  chareoal, 
in  a  closed  crucible.    Zn  0,  SO,  +  C^  =  4  CO  -h  Zn  S. 

29.    Cadkium.    Cd=55*8 

•  This  metal  occurs,  in  the  form  of  carbonate,  as  an  ingiediant 
in  various  kinds  of  calamine  or  carbonate  of  dn/c.  It  is  also 
found  in  the  form  of  sulphuret,  as  the  rare  mineral  greenockite, 
and  to  the  extent  of  5  per  oent.  in  some  kinds  of  sulphuret  of 
dnc.  The  metal  is,  in  all  its  relations,  veryanalqgous  to  due, 
and  is  almost  invariably  found  associated  with  it. 

When  an  ore  of  dnc,  containing  cadmium,  is  treated  as 
above  described,  to  obtain  the  zinc,  the  first  vapours  that  distil 
over,  which  are  known  as  the  \>to^^  blase,  oo^^aiii  the  ^fid* 
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minniy  and  are  separately  collected.  To  purify  it  from  zinc,  it 
is  dissolved  in  an  acid^  and  the  solution  acted  on  by  a  piece  of 
nnc  in  a  platinum  yesiieL  The  cadmium  is  reduced,  and 
adheres  to  tne  platinum,  the  zinc  being  dissolved  in  its  place. 
When  well  washed,  the  cadmium  may  be  dissolved  off  by 
nitric  acid.  Or  the  acid  solution  of  both  metals  may  be  pre* 
cipitated  hj  sulphuretted  hydrosen,  which  throws  down  cad- 
mium and  not  zinc.  The  sulphuret  of  cadmium  is  then 
dissolved  in  nitric  acid.  From  this  solution  alkalies  throw 
down  oxide  of  cadmium,  which  is  reduced  exactly  like  oxide 
of  zinc.  ^ 

Cadmium  is  in  appearance  similar  to  tin,  but  is  harder  and 
more  tenacious.  It  is  both  malleable  and  ductile.  Its  Sp.  G. 
is  S'6.  It  melts  at  about  450'',  and  boils  at  a  temperature  not 
a  great  deal  higher  than  the  boiling  point  of  mercury.  When 
strongly  heated  in  the  air,  it  bums,  forming  oxide.  like  zinc, 
it  forms  only  one  oxide,  chloride,  sulphuret,  &c. 

Oxide  of  Cftdminm.    CdO  =  €3-818. 

The  oxide  is  best  prepared  by  heating  the  carbonate  to  red' 
neas.  It  is  an  insoluble  orange  powder,  which  is  A  strouff  base, 
neutnJising  acids.  Its  salts  are  easily  recognised  by  tne  fol- 
lowing tests.  Caustic  alkalies  cause  a  white,  bulky  precipitate 
of  Iwdiated  oxide,  which  dissolves  in  excess  of  ammonia. 
Sulphuretted  hydrogBD.  produces  an  omnge  precipitate  of  sul- 
phuret of  cadmium. 

The  chloride  and  iodide  of  cadmium  are  white  fusible  com- 
pounds. 

The  sulphuret  of  cadmium  is  an  orange-yellow  .powder, 
soluble  in  nitric  acid,  and  distinguished  from  yellow  stuphuret 
of  arsenic  by  being  insoluble  in  caustic  potash;  and  fixed  in 
the  fire. 

30.    Ttw.    8n  =  5r-d.  '    , 

This  important  metal  occuia  in  Cornwall  and  in  Saxony,  ia 
the  form  of  oxide,  from  which  the  metal  it  obtained  by  heating 
with  charcoal. 

Tin  is  a  white  metal,  with  a  verv  high  lustre,  which  is  very 
little  tarnished  by  exposure  to  the  atmosphm.  It  is  vei^ 
malleable,  yielding  leaves  (tinfoil)  not  thicker  than  ri^  of  an 
inch.  It  iB  soft,  and  when  bent  in  the  fingers  makes  a  peculiar 
noise.  Its  8p.  O.  is  7-2.  It  melte  at  442^,  and  if  heated  to 
whiteness  in  air,  it  takes  fire  and  bums  with  a  white  flame, 
foraung  peroxide  of  tin, .  j 
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*ns  AKD  OXYGEN. 
a.  Protoxide  of  Tin.    8n  0=65*913. 

This  oxide  is  prepared  by  adding  an  alkaline  carbonate  to  a 
feolntion  of  protochloride  of  tin,  when  a  bulk^  white  precipitate 
is  formed  of  hydrated  protoxide  of  tin.  This  is  washed  with 
warm  water  and  dried  at  a  heat  not  aboye  196^.  The  dry 
hydrate  is  now  heated  to  redness  in  a  current  of  carbonic  acid 
gas,  and  the  anhydrous  protoxide  is  left. 

Protoxide  of  tin  is  a  dense  black  powder,  which  has  so  stroi^ 
an  attraction  fur  oxygen,  that  if  touched  with  a  red-hot  bod^r,  it 
takes  fire  and  bums  into  peroxide.  It  dissolves  in  acids, 
forming  salts  which  absorb  oxygen  with  avidity,  and  reduce 
the  oxides  of  silver,  mercury,  and  platinum  to  the  metallic  state, 
if  added  to  their  solutions.  With  solutions  of  gold,  salts  of 
protoxide  of  tin  produce  a  purple  precipitate,  uie  purple  of 
Caasius ;  so  that  salts  of  fold  and  salts  ot  protoxide  of  tm  are 
mutually  tests  for  each  ower.  Salts  of  protoxide  of  tin  give, 
with  sulphuretted  hydrogen,  a  black  precipitate  of  protosol- 
phuret  of  tin. 

b.  Setquiozide  of  Tin.    Sn^  O.  » 129*839. 

When  moist  hydrated  peroxide  of  iron  is  mixed  with  a  neutral 
solution  of  protochloride  of  tin,  an  exchanffe  takes  ^lace,  and  a 
bulky  precipitate  of  a  grey  colour  is  formed,  which  is  a  hydrate 
of  sesquio»de  of  tin.  Fe,  0^+2  SnClziSn,  0,+2  FeCl. 
The  sesquioxide  is  soluble  in  acids  and  in  ammonia,  the  latter 
character  distinpiishing  it  from  the  protoxide.  Its  solution  in 
hydrochloric  acid  forms,  with  chloride  of  sold,  the  purple  of 
Cassius ;  and  seems,  indeed,  better  adapted  for  making  it  than 
the  protoxide. 

c  Peroxide  of  Tin.    Sn  0^  =  73-926. 

This  oxide  exists  in  two  distinct  modifications.  1.  If  made 
by  the  action  of  nitric  acid  on  tin,  which  is  vei^  violent,  it 
appears  as  a  dense  white  opaque  powder,  which  is  a  hydrate, 
insoluble  in  water  or  acids.  2.  If  prepared  by  adding  potash 
to  perchloride  of  tin,  it  forms  a  very  bulky  hydrate,  readily 
soluble  in  acids  and  also  in  alkalies.  It  seems  rather  to  possess 
the  characters  of  a  weak  acid  than  of  a  base.  It  is  recognised 
in  its  solution  in  adds,  by  forming  with  alkalies  a  bulky  white 
hydrate,  readily  dissolved  by  excess  of  potash  or  soda,  and  hj 
jrielding,  with  sulphuretted  hydrogen,  a  dirty  y^dlow  precipi- 
tate of  bisulphuret  of  tin.  When  melted  with  glass,  peroxide 
of  tin  renders  it  opaque^  forming  a  white  enamel. 
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TIN  AND  CHLORINB. 
a.  Protochloride  of  Tin.    8nCl->93'87. 

This  cHoride  is  fonned  when  chlorine  gas  is  passed  over 
metallic  tin  moderately  heated,  when  hydrogen  u  given  off. 
When  dry  it  is  a  grey  solid,  fooihle  below  redness.  Tin  dis- 
solves in  hydrochloric  acid,and  the  concentrated  solution  deposits 
acicular  crystals,  which  are  a  hydrated  chloride,  SnCl+3  HO. 
"Wlien  heated,  they  give  off  water  and  hydrochloric  acid,  while 
protoxide  is  left:  Sn  Cl+d  H  0=Sn  0+H  Cl+2  H  O.  The 
addition  of  a  large  quantity  of  water  decomposes  these  crystals, 
causing  the  formation  of  an  insoluble  white  powder,  which  is  a 
compound  of  oxide  and  chloride  with  water.    The  solution  of 

Erotochloride  of  tin,  made  by  digesting  an  excess  of  tin  in 
ydrochloric  acid  as  long  as  hydrogen  is  given  off,  is  much 
used  as  a  deoxidising  agent,  it  is  apparently  resolved  into 
bichloride  and  metal,  2  SnCl  =  SnCl,  +Sn  ;  and  the  latter, 
probably,  is  the  true  agent  in  deoxidising.  It  is  also  used  for 
making  the  purple  of  Uassius. 

b.  Perchloride  of  Tin.    Sn  CI,  » 128*74. 

When  protochloride  of  tin  is  heated  in  excess  of  chlorine 
gas,  or  when  8  parts  of  tin  powder  are  distilled  with  24  of  bi- 
chloride of  mercury,  a  volatile  fuming  liquid  Lb  obtained,  for« 
merlv  known  as  the  fuming  liquor  of  Libavius,  which  is 
bichloride  of  tin.  It  is  obtained  in  solution  by  dissolving  tin 
in  nitro-hydrochloric  acid  of  moderate  strength,  adding  small 
portions  of  tin  at  a  time ;  also  by  forming  a  solution  of  protor 
chloride,  and  pasdng  chlorine  throuj^  it,  or  heating  it  gently 
vnth  a  little  nitric  add.  It  is  much  used  in  dyeing  as  a 
mordant. 

The  protoiodide  of  tin  is  a  brownish-red  fusible  solid,  dis- 
solving  in  water;  the  periodide  foans  aJiky  yellow  aystals. 

TIM  AND  SULFHUB* 

a.  Prototnlplmret  of  Tin.    SnS»74. 

This  compound  is  formed  by  pouringmelted  tin  on  its  ovm 
weight  of  sulphur,  and  stirring  well.  The  mass  is  then  pow- 
dered, mixed  with  more  sulphur,  and  throvm  by  degrees  into  a 
red-hot  crucible,  by  which  means  the  whole  of  the  tin  is  sul- 
phurised. It  fonns  a  bluish-black  brittle  solid,  having  metallic 
lustre.  It  is  also  formed  when  snlphuretted  hydrogen  acts  on 
solutions  of  protoxide  or  protochlonde  of  tin« 
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b.  Pereulphnret  of  Tin.    Sq8,=90'1. 

This  salphoret,  formerly  called  aurum  immvum,  is  prepared 
by  heating  to  low  redness,  in  a  retort,  a  mixture  of  2  parts 
peroxide  of  tin,  2  of  sulphur,  and  1  of  sal-ammoniac.  The 
Bulphoret  is  left  in  the  form  of  golden-yellow  scales,  havinf  a 
metallic  lustre.  It  is  soluble  in  potash.  It  is  also  formed  as 
a  dirty-yellow  bulky  hydrate  by  the  action  of  sulphuretted 
hydrogen  on  solutions  of  peroxide  or  perchloride  of  tm. 

31.  Cobalt.    Co>«39'5. 

This  metal  occurs  pretty  abundantly,  generally  combined 
vrith  arsenic,  and  associated  with  nickel  and  iron.  A  trace  of 
it  is  always  found  in  meteoric  iron.  To  obtain  the  metal  from 
the  arsemuret,  the  ore,  finely  powdered,  is  gradually  added  to 
3  parts  of  bisulpbate  of  potash,  melted  in  a  moderate  heat,  and 
nadually  increasing  the  fire,  tUl  ho  more  white  fumes  appear. 
The  mass,  when  cold,  is  powdered  and  boiled  with  water  as 
long  as  anjthinff  is  dissolyed.  The  solution  is  free  from  araenic, 
and  contains  sulphate  of  protoxide  of  cobalt.  It  is  precipitated 
by  carbonate  of  soda,  and  the  washed  precipitate  acted  on  by 
oxalic  acid,  which  forms  an  insoluble  pink  powder  of  oxalate 
of  protoxide  of  cobalt.  Should  iron  be  present,  it  forms  a  solu- 
ble compound  with  the  oxalic  acid,  provided  it  has  been 
brought  into  the  state  of  peroxide  by  boiling  the  solution  with 
a  litUe  nitric  acid  before  precipitating  with  carbonate  of  soda. 
The  only  impurity  now  likely  to  be  present  is  nickel,  and  to 
separate  this,  the  oxalate  is  dissolved  m  an  excess  of  ammonia, 
and  the  solution  exposed  to  the  air  in  a  deep  glass  vessel.  As 
the  ammonia  evaporates,  the  nickel  is  deposited  (if  present)  in 
the  form  of  a  pale-green  insolnbla  double  oxalate  of  nickel  and 
ammonia,  while  the  cobalt  remains  dissolved,  forming  a  port- 
wine-coloured  solution.  This  being  digested  with  excess  of 
potash,  yields  a  dark  brown  precipitate  of  pure  peroxide  of 
cobalt.  This  is  again  dissolved  in  hydrochlonc  acid,  the  solu- 
tion precipitated  by  caustic  potash  or  carbonate  of  soda,  and 
the  precipitate  converted  into  oxalate,  which  is  now  quite 
pure ;  and  the  oxalate  being  heated  to  whiteness  in  a  cloaed 
crucible,  with  a  small  aperture  for  escape  of  gas,  leaves  a 
button  of  pure  metallic  cobalt.  The  oxalate  of  cobalt, 
CoO,  C  O3,  is  resolved  by  the  heat  into  carbonic  acid  and 
metal,  CoO,  C.O,  =  Co  -|-  2  CO.. 

Cobalt  is  a  metal  of  a  reddish  gre^  colour,  rather  brittle  and 
Tory  infusible.  Its  Sp.  G.  is  7*8.  It  is  attracted  by  the  magnet. 
At  a  red-heat  it  decomposes  water,  hydrogen  being  disengi^ged. 
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COBALT  AKO  OXYGEN. 

a.  Protoxide  of  Cobalt.     Co  0»37'513. 

Obtained  by  calcining  carbonate  of  cobalt  in  close  yessels^  as 
an  adi-ffrer  powder.  It  is  a  strong  base,  and  fonns,  with  acids, 
salts  woien  are  either  pink  or  bine.  Zaffire  and  smalt,  which 
are  so  mnch  nsed  for  painting  bine  on  porcelain,  and  by  the 
pjaper-makera  to  correct  the  yellow  tinge  of  their  paper,  are 
sibcates  of  this  oxide.  The  solutions  of  its  salts  are  precipi- 
tated by  canstic  alkalies,  which  form  a  blue  hydrate,  gndually 
cha.ngiTy  to  green,  soluble  in  excess  of  ammonia.  Carbonates 
produce  a  lilac-coloured  precipitate  of  carbonate  of  cobalts 
sulphuretted  hydrogen  produces  no  change :  hydrosulphuiet  of 
ammonia  produces  a  black  sulphuret. 

When  ibis  oxide,  or  the  peroxide  of  cobalt,  are  heated  in  the 
air,  they  both  yield  a  black  oxide,  which  corresponds  to  the  red 
oxide  of  manganese,  its  formula  beinff  Co,  0.=Co  O-t-Co^  O,. 
The  green  hydrate,  formed  when  h]^arate  of  tbe  protoxide  is  ex* 
posed  to  the  air,  is  a  hydrate  of  tms  oxide. 

b.  Peiozido  of  Cobalt.     Cog  Os=83«089. 

Stm.  Suauiosside  of  CdbdU. — ^When  bleaching  liquor  (hypo- 
chlorite of  ume^  is  added  to  solutions  of  protoxide  of  cobalt,  or 
when  chlorine  is  passed  through  hydrated  protoxide  suspended 
in  water,  a  black  powder  is  formed,  which  is  hydrated  peroxide. 
3  eq.  protoxide,  and  1  eq.  chloiine,  yield  1  eq.  protochloride 
and  1  eq.  peroxide.    3  CoO  +  a  =  Co   O,  +  CoCl. 

Peroxide  of  cobalt  is,  like  peroxide  oi  manganese,  an  indif- 
ferent or  neutral  oxide,  for  it  does  not  combine  with  acids ;  and 
when  dissoWed  in  hydrochloric  acid,  it  forms  protochloridej 
chlorine  being  disengaged. 

Chloride  of  CobalU     Co  C]=64-95. 

Obtained  by  dissolTiag  cobalt^  or  any  of  its  oxides,  in  hydro- 
chloric add.  The  solution  is  pink,  and  on  evaporation  yields 
beautiful  red  ciystals  of  hydrated  chloride,  or  possibly  hydros 
chlorate  of  the  oxide.  When  dried  bv  heat,  the  diloride  is  of 
a  deep  blue,  but  is  instantly  rendered  pink  by  the  contact  of 
water.  The  cmtals  are  either  CoQ,  HO,  or  CoO,  HCl.  When 
traces  are  made  on  JMq[>er  with  a  dilute  solution  of  cUoride  of 
eobalt  thev  are  ininsible  when  diy ;  but,  when  warmed,  assume 
^^odded  blue  colour,  which  dinppears  again  on  cooling,  as 
they  again  abeotb  moisture  from  the  air.    Thia  is  the  mast 
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besntifiil  of  the  Bjnnpathetic  inks.    If  iron  or  nickel  be  present, 
tbe  traces  appear  green  instead  of  bine. 

The  solpharetB  of  cobalt  are  not  of  mach  interest.  The  pro- 
tosnlphoret,  Co8,  is  formed  when  hydrosolphnret  of  ammonia 
acts  on  salts  of  protoxide  of  oobut  as  a  black  precipitate. 
According  to  Wdhler,  sulphnret  of  cobalt  is  easily  obtained  by 
fusing  the  arseninret  of  cobalt  with  3  parts  of  pearlash  and  3 
parts  of  solphnr.  The  arsenic  forms  a  soluble  compound,  and 
tins  is  removed  by  water,  leaving  snlphuret  of  cobalt  as  a  black 
powder.  This  may  be  dissolved  in  nitric  acid,  and  the  cob&lt 
purified  from  iron  and  nickel,  as  above  described.  This  pro* 
cess  for  extracting  cobalt  from  its  ores  would  seem  to  be  the 
best  of  all. 

The  compounds  of  cobalt,  when  fused  with  glass,  give  to  it 
a  beautiful  blue  colour,  and  their  use  in  painting  the  blue 
patterns  on  china  is  well  known.  The  finest  cob^t-blne  for 
painting  is  made  by  heating  a  mixture  of  16  parts  of  alumina 
^ith  2  of  phosphate  of  cobalt  to  redness. 

32.  NicxsL.    Ni=2d-5. 

This  metal  is  rather  rare ;  it  occurs,  like  cobalt,  chiefly  in 
combination  with  arsenic,  and  associated  with  iron  and  cobalt. 
A  very  good  method  of  extracting  it  from  the  arseniuret,  or 
speiss,  as  it  is  called,  is  that  of  Wohler,  which  is,  to  fuse  the 
speiss  with  3  paxts  of  pearlash  and  3  parts  of  sulphur.  The 
arsenic  forms,  with  the  sulphur  and  potash,  a  soluble  com- 
pound, and  the  nickel  forms  with  the  sulphur  an  insoluble 
snli)huret.  This  is  well  washed  with  water,  and  dissolved  in 
nitric  acid  ;  and  the  solution,  after  any  lead,  copper,  or  bis- 
muth that  may  be  present,  have  been  precipitated  by  a  current 
of  sulphuretted  hydrogen,  is  precipitated  by  caustic  or  carbon- 
ated potash  or  soda.  The  washed  precipitate  is  now  acted  on 
by  an  excess  of  oxalic  acid,  which  forms,  with  the  peroxide  of 
iron  that  is  generally  present,  a  soluble,  and  with  the  oxide  of 
nickel  an  insoluble  oxalate,  which  of  course  includes  any 
cobalt  that  the  ore  may  have  contained.  Tlie  oxalate  is  now 
dissolved  in  an  excess  of  ammonia,  and  the  solution  exposed 
to  the  air.  As  the  ammonia  escapes,  the  nickel  is  deposited  as 
an  insoluble  double  oxalate,  while  the  cobalt  remains  dissolved 
as  a  soluble  double  oxalate,  of  the  metallic  oxide  with  amm<mia. 
The  nickel  salt,  bein^  ignited,  leaves  oxide,  which  may  be 
reduced  by  heating  with  charcoal,  or  dissolved  in  add,  and 
a£;ain  converted  into  oxalate,  which  this  time  is  free  from 
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cobalt,  and  appears  as  a  pale  apple-ffreen  povder.  The  oxalate 
of  nickel,  bSng  well  washed,  dried,  ana  ignited  in  a  closed 
cnicible,  with  an  anertare  for  the  escape  of  gas^  leayes  metallic 
nickel,  which,  if  tne  heat  be  very  intense,  is  fused  into  a 
button. 

Wohler  gives  another  process,  which  is  said  to  be  preferable 
to  the  above.  It  consists  in  projecting  the  finely  powdered  ore 
along  with  2  parts  of  nitre  and  one  of  carbonate  of  potash,  by 
degrees,  into  a  red-hot  cmcible,  and  finally  raising  the  heat  for 
a  good  while.  The  arsenic  is  oxidised,  yielding  arsenic  acid, 
which  unites  with  the  potash,  while  the  nickel  is  also  oxidised, 
and  fonns  oxide  of  nickel,  which  is  left  nndiasolved  when  the 
xnass  is  lixiviated  with  water.  Tins  oxide  is  pure,  except  from 
cobalt  and  iron,  which  must  be  separated  as  above.  When 
these  metals  are  not  present,  the  oxide  may  be  at  once  reduced 
by  heating  with  charcoal,  and  yields  pure  mckel. 
-  Nickel  is  nearly  silver-white,  but  has  a  tinge  of  grey.  It 
bas  a  high  lustre,  IS  hard,  and  malleable.  Its  8p.  O.  is  8*9.  It 
ifl  veiy  infusible,  and  decidedly  magnetic  It  decomposes 
water  at  a  red  heat  Magnetic  needles  may  be  made  of  it, 
which  do  not  rust.  It  is  now  much  used  in  the  manufacture 
of  German  silver  or  argentan,  which  is  an  alloy  of  copper,  zinc, 
and  nickel.  The  better  qui^ties  contain  mate  nickel  than  the 
inferior  kinds. 

mOKZL  AND  0XT08N. 

Protoxide  of  KickeL    iriO=:d7'513. 


Its  preparation  is  riv/Bn  above,  in  Wdhler's  second  procei 
for  metallic  nickel.    It  is  a  greenish-grey  powder,  which  is 


process 
a 
base,  and  forms,  with  acid,  salts  which  are  all  green  of  different 
shades.  Solutions  of  these  salts  give  pale  apple-green  precipi- 
tates of  hydrate  and  carbonate,  with  caustic  and  carbonated 
potash  and  soda.  Ammonia  causes  a  slidbt  precipitate,  which 
as  instanthr  redissolved  by  an  excess^  forming  a  violet-blue 
volution.  Salts  of  nickel  are  not  precipitated,  in  acid  solutions, 
by  sulphuretted  hydrogen,  but  hydrosulphuret  of  ammonia 
causes  a  black  precipitate  of  sulphuret  of  nicked. 

b.  Peroxide  of  Nickel.    Ni,  Os=83-039. 

Stn.  SetquMOBide  of  Nidel—^iaj  be  formed  by  passiujg 
chlorine  thirou^  water  in  which  the  hydrated  protoxide  is 
^upended.  It  is  an  indifferent  oxide  or  superoxide,  analogous 
to  sesquioxideof  cobalt    It  is  a  black  powder. 
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Cnaoride  of  NickeL    Ni €0=0495. 

Analoipoiii  to  chloride  of  cobalt.  lU  aalvtion  is  emenld* 
l^reeii,  and  ^pielda  dyatala  of  the  same  colour ;  but  whoi 
entirely  deprived  of  water,  it  is  jellow.  At  a  low  red  heat  it 
sablimea  and  oondenaes  in  brilliant  gold-jellow  acalea. 

ProtosalpliaTet  of  KucVeL    Ni  9=45*6. 

Aoalogoua  to  protosulphuret  of  cobalt,  and  foimed  in  the 
same  waj.  Snlpnur  and  nickel  unite  when  heated  together, 
with  disengagement  of  heat  and  light,  formiiig  a  greyish-yellow 
metallic  mass.  The  precijpitated  sulpnuret  is  black.  Snlphuret 
of.  nickel  is  found  native  m  fine  oystals  of  a  pale  brass  oolouTy 
as  the  Haarkies  of  the  Germans. 

OanEB  2. — ^Mbtau  which  do  mot  dboomfosb  watbb  at  ant 

TUfPEBATURBy  AND  THK  OXIDES  OF  WHICH  ABK  MOT  BB- 
nnOBD  TO  THE  MXTALUC  BTATB  BY  THB  801^  AOTIOM  OF 
HBAT. 

33.  Akskxic    As=:87'7. 

This  metal  is  oocaaionaUy  found  natim,  but  it  is  chiefly  met 
with  in  combination  with  cobalt,  nickel,  and  iron.  When  the 
arseniurets  of  these  metals  are  heated  to  redness  in  a  cnnent  of 
air,  a  great  part  of  the  arsenic,  being  volatile,  risss  in  vapour, 
and  is  deposited  in  the  cold  part  of  the  chimney  in  the  form  of 
white  oxide  of  arsenic  or  arsenious  acid,  the  well-known  wMte 
arsenic  of  commerce.  This  substance  is  mixed  with  charcoal  or 
black  flux  (a  mixture  of  charcoal  with  carbonate  of  potaah^y 
and  the  mixture  introduced  into  a  medicine  phial.  nUing  it 
about  one-third.  The  phial  is  then  placed  in  sand,  the  sand 
reaching  as  high  as  the  mixture,  and  gradually  heated  to  low 
redness.  The  metal  sublimes  and  condenses  in  the  upper  pari 
of  the  phial,  which,  when  cold,  may  be  cut  off. 

Arsenic  is  a  very  brittle  metal,  of  a  whitish-grey  colour,  and 
veiy  high  lustre.  Its  8p.  G.  is  6*80.  When  heated  to  Z6e^,  it 
sublimes  without  previously  melting,  its  melting  point  bemg 
higher  than  its  boiling  point  under  the  usual  pressure.  Its 
vapour  has  a  strong  alliaoeons  smeU,  a  property  which  is  ehasao- 
teristic  of  arsenic,  no  other  metal  possessmg  it.  It  sometimes 
rapidl  V  tarnishes  on  exposure  to  tiie  air,  bec<»n]ng  nearly  black ; 
and  when  sublimed  in  a  current  of  air  it  is  oxidised,  bcong  con* 
verted  into  arsenious  acid.  The  rapid  tarnishing  of  arsenic  is 
probably  owing  to  the  presence  of  a  littie  potassium,  derived 
from  black  flux ;  for  tne  native  metal,  when  sublimed,  does 
not  tarnish. 
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&.  Aneoioiu  Add.    Asg  03S=99*43d. 

The  formalion  of  this  sabstanee,  when  arsenic  is  snhlimed  in 
a  caiTent  of  air,  has  been  mentioned.  It  oecnrs,  when  newly 
Bublimed,  as  a  hard  brittle  glass,  which,  when  kept,  slowly 
becomes  <^)aqne  and  ciystalline,  the  change  often  taking  years  to 
reach  the  centre  of  a  small  lump  of  the  g^ass.  The  Sp.  G.  of 
azB^ic  acid  is  3*7.  At  880^  it  snblimes,  yielding  inodorous 
Taponrs,wfaich  condense  in  octohedral  cryBtals,when  the  sublima- 
tion is  slowly  conducted  in  a  glass  tnbe. 

It  has  little  taste,  which  renders  it  the  more  dangerons  as  a 
poison :  as,  when  taken  b^  mistake^  there  is  no  warning,  as  in 
the  case,  of  man^  other  poisons.  It  is  sparingly  soluble  in  water, 
bnt  the  ciystallme  yarietjris  more  eolnble  ttum  the  dassy ;  100 
parts  of  hot  water  dissolring  11*6  of  the  fotmer^  and  only  ^7  of 
^e  latter. 

Arsenions  acid,  whether  in  the  solid  form  or  in  that  of  solution, 
is  a  most  virulent  poison,  and  is,  unfortunately,  so  aecesrable  as 
to  be  often  used  for  criminal  purposes.  Its  detection,  therefore, 
is  a  matter  of  the  utmost  importance ;  and  inimmerable  tests, 
more  or  less  effectual,  have  been  proposed.  These,  however, 
may  with  advanta^  be  reduced  to  a  very  small  number ;  which 
again  are  best  divided  into— 1.  Those  tesiM  which  apply  to  pure 
arsenious  acid,  or  its  salts  ;  and,  2.  Those  which  apply  to  mix- 
tures, such  as  are  likely  to  occur  in  medico-legal  investigations^. 
1.  Pure  anenions  acid  is  easily  recognised,  as  a  heavy  white 
powder,  volatile  without  smell,  sparingly  soluble  in  water,- and, 
when  heated  with  charcoal,  black  flux,  formiate  of  soda,  or 
Gvanide  of  potassium,  yielding  a  volatile  crust  of  metallie  arsenic, 
tne  vapours  of  which  have  the  odour  of  garlic. 

The  solution  gives,  with  lime-water  in  excess,  an  insoluble 
white  precipitate  of  arsenite  of  lime  ;  with  ammoniaco-nitrate 
of  silver,  a  yellow  precipitate  of  arsenite  of  silver ;  with  ammo- 
niaco  sulphate  of  copper,  a  grass-green  precipitate  of  arsenite  of 
copper ;  and  with  sulphuretted  hydrogen,  acetic  or  hydrochloric 
acid  being  first  added  to  the  solution,  an  orange-vellow  precipi- 
tate of  sesquisulphuret  of  arsenic.  When  to  Uie  solution  of 
arsenious  add,  or  of  any  of  its  salts,  sulphuric  acid  is  added,  and  a 
portion  of  pure  zinc  introduced  into  the  acid  liquid,  the  hydrogen 
disengaged  by  the  action  of  the  zinc  on  the  acid  is  found  to  be 
mixed  with  a  portion  of  arseniuretted  hydrogen  gas,  the  presence 
of  which  gives  it  an  alliaceous  smell,  and  causes  it  to  bum  with 
a  pale  blue  flame.  If  a  piece  of  cold  glass  or  porcelain  be  held 
in  contact  with  this  flame,  a  black  stain  ix  crust  of  metallie 
o2 
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arsenic  is  deposited  on  it,  and  this  cmst  may  easily  be  rec<^- 
nised  by  its  volatility,  and  the  other  characters  of  arsenic. 
(Marsh.)  If  the  hydrogen  gas,  containing  arseninretted  hydio- 
:  gen,  instead  of  being  burned  at  the  end  of  the  tube,  be  sIowIt 
passed  through  a  long  narrow  tube  of  hard  glass,  part  of  which 
u  heated  to  redness,  the  arseniuretted  hydiogen  is  decomposed 
at  the  red-hot  part  of  the  tube,  and  the  arsenic  deposited  as  a 
bright  metallic  cmst  a  little  beyond  the  hot  part. 
.^  2.  When,  however,  arsenions  acid  occurs  in  mixtures  contain- 
ing much  organic  matter,  such  as,  for  example,  are  found  in  the 
stomach  or  intestines  of  those  poisoned  with  arsenic,  or  in  the 
matters  vomited  before*  death,  a  method  must  be  adopted  which 
removes  all  organic  matters,  and  pennits  the  operator  to  test  for 
arsenic  with  security.  The  followipg  method,  lately  proposed 
by  Fresenius  and  Von  Babo,  is  perhaps  the  best : — 

o.  Two-thirds  of  the  suspected  mixture,  or  contents  of  a 
stomach,  all  solid  parts  being  cut  small,  are  introdii^ced  into  a 
laxf^e  porcelain  capsule  (the  remainder  beinj^  kept  in  case  of 
acddents),  and  mixed  with  a  moderate  quantity  of  pure  hydros 
chloric  acid,  and  as  much  water  as  gives  to  the  whole  the 
consistence  of  a  thin  gruel,  which  is  heated  in  the  vapour  bath, 
and  chlorate  of  potaui  added  at  intervals  of  five  minutes  in 
portions  of  20  or  30  srains  to  the  hot  liquid,  until  the  whole 
has  become  clear  yellow,  perfectly  homogeneous  and  fluid*  At 
this  point,  about  2  drachms  more  of  chlorate  are  added,  and 
the  vessel  removed  from  the  vapour  bath.  When  quite  cold  it 
is  strained  throuffh  linen,  or  filtered,  and  the  residue  on.  the 
filter  well  wuhed  with  hot  water.  The  whole  liquid  is  now 
evaporated  on  the  water  bath  to  the  bulk  of  about  one  |>ound, 
and  the  acid  residue,  which  is  generally  now  brownish  in 
colour,  mixed  with  as  much  of  a  saturated  solution  of  sul^ 
phurous  acid  as  ^ves  a  pennanent  smell  of  that  add.  It  is 
then  heated  until  the  excess  of  sulphurous  acid  is  entirely 
expelled. 

In  this  first  stage  of  the  process  the  arsenious  acid  is  dis- 
solved, the  oiganic  matter  destroyed  in  a  great  measure  by  the 
chlorate  of  potash  and  hydrocmoric  add,  and  the  arsenic, 
which  had  tnereby  been  coQverted  into  arsSnic  add,  reduced 
hj  the  sulphurous  add  to  the  state  of  arsenious  add.  The 
destruction  of  the  oi^ganic  matter  renders  the  filtration  rapid 
and  easy. 

b.  The  acid  liquid  is  now  exposed  for  twelve  hours  to  a 
current  of  sulphuretted  b}[drof  en  gas,  the  gas  tube  is  washed 
with  a  little  ammonia,  which  is  added  to  the  mass  of  liquid, 
and  the  whole  allowed  to  stand,  covered  with  paper,  in  a  wanu 
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phoe,  until  the  smell  of  solplmretted  hydrogen  dlnppearft 
The  precipitate  which  has  forpuB^a9<l  whioi  contains  suphnret 
of  arsenic  along  with  some  organic'  matter,  and  possibly  other 
metallic  snlphnretSy  is  ooUei^ed  on  a  small  filter  and  w^ 
washed. 

Here  the  arsenions  add  is  converted  into  sesqnisnlphnret  of 
arsenic  by  the  snlphnretted  hydrogen.  As,  O,  +3  H8=sAs, 
8,+3H0. 

0.  The  filter  with  the  precipitate  is  dried  in  the  yapovr  bath^ 
moistened  with  fuming  mtric  acid,  and  the  mass  dried  np  in  the 
water  bath.  Pore  oil  of  vitriol  is  now  added,  so  as  to  moisten 
the  dry  mass  nniformly.  the  mixture  is  heated  for  two  or  three 
hours  m  the  vapour  biUh,  and,  finally,  dried  on  the  sand  bath  at 
a  heat  not  exceeding  290^,  till  tiie  charred  mass  assnmes  a  brittle 
consistence.  It  is  then  heated  in  the  vaponr  bath  with  from 
ten  to  twenty  parts  of  distilled  water,  filtered,  and  the  charcoal 
perfectly  washed  with  hot  distilled  water.  The  whole  filtered 
liquid  is  now  mixed  with  hydrochloric  add  and  againpredpi- 
tated  by  solphuretted  hydrogen,  exactlv  as  before,  llie  pre« 
dpitate  is  collected  on  a  very  small  niter,  well  washed,  and 
dissolved  on  the  filter  by  ammonia,  with  which  the  filter  is  well 
washed.  The  ammoniacal  solution  of  sulphuret  of  arsenic  is 
evapomted  to  dryness  in  a  small  porcelain  vessel,  and  the  red* 
due  may  be  wdghed  if  re<juired. 

In  this  stafle  the  remaining  organic  matter  is  entirely  de- 
stroyed, and  tne  arsenic  obtained  in  the  form  of  pure  sesqui- 
sulnhuret. 

a.  For  obtaining  the  metallic  arsenic  from  this  sulnhnret,  or 
reducing  the  sulphurety  whidi  is  the  deddve  proof,  the  follow* 
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ing  apparatus  is  employed  (see  cut,  fig.  I).    A  is  a  well  sized 
Qaak  for  generating  oarbonic  add  gas^  half  filled  with  wat^ 
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and  fratffliento  of  marble.  Throtdi^  one  aperture  in  the  cork 
jMases  the  fonnel  tube  a,  reaching  nearly  to  tne  bottom ;  thfondi 
the  other  paasea  a  ivibe  by  which  oondncte  the  gas  into  the 
ttnaller  flask  B,  in  which  it  ia  washed  and  dried  by  poaaing 
through  oil  of  vitriol.  The  tube  e  carries  the  gas  into  the 
redaction  tnbe  C^  which  i»  represented  in  fig.  II.,  a  little  leaa 
than  half  the  real  siae. 

When  the  whole  is  fitted  and  arranged,  a  portion  of  t&e  dried 
aolphuet  (reserving  part  for  other  experiments,  or  m  oase  of 
accident),  is  mixed  m  a  warm  agate  mcMtar  with  about  twelve 
parts  of  a  mixture  of  three  parts  of  dried  carbonate  of  aoda  and 
<me  part  of  cyanide  of  potassium.  The  mixed  powder  is  care* 
folly  introduced,  by  means  of  a  half  cylinder  of  card,  into  the 
reduction  tube,  which  ia  then  turned  on  its  axis,  so  as  to  allow 
the  powder  to  lie  on  the  part  a/,  fig.  II.  of  the  reduction  tube. 
The  card  is  then  removed.  The  reduction  tube  is  now  attached 
to  the  gas  apparatus,  and  hydrochloric  add  poured  into  the 
flask  A,  through  the  fimnel.  so  as  to  cause  a  disengagement  of 
carbonic  acid  gaa,  which  fills  the  whole  apparatus.  The  tube 
ia  then  gently  wanned  through  its  whole  leogth  until  all  tiaoes 
of  moisture  have  disappeared,  and  when  the  current  of  gas  has 
become  so  slow  that  tne  bubbles  foUow  each  other  at  an  inter- 
val of  about  a  second,  the  part  b  of  the  reduction  tube  (fig.  II.), 
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is  heated  to  redness  by  a  spirit  lamp.  This  being  done,  the 
powder  is  now  heated  oy  another  spirit  lamp  from  a  towards/, 
gradually,  till  all  the  arsenic  is  expelled. 

The  reduced  arsenic  is  deposited  as  a  bright  metallic  ring  at 
c,  fiff.  II.,  a  mere  trace  only  escaping  at  d.  The  second  liunp 
is  then  brought  towards  0,  in  order  to  collect  any  trace  A 
arsenic  in  the  wide  part  of  the  tube,  and  the  ^int  d  bdng 
closed  by  melting  it,  and  the  tube  detached,  Uie  araenio  is 
driven  into  as  small  a  space  as  possible  by  heatiiuK  from  d 
towards  c.  The  tube  is  now  cut  across  at  /,  corked,  sealed, 
and  preserved  as  evidence.  If  the  above  process  be  followed 
exactly,  Ihe  result  is  a  ring  of  astonishing  purity  and  brilliancry. 
The  use  of  the  carbonic  acid  is  to  prevent  oxi<utioit  by  the  air. 
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which,  as  well  as  moistQie,  if  admitted,  would  veiy  much 
iBteifere  with  the  result. 

This  is  not  the  place  to  notice  the  veiy  nnmerons  methods 
iH^iich  have  been  proposed  for  the  detection  of  arsenic  in  mixed 
flnids.  It  is  enough  to  say  that  none  of  them  is  preferable  to 
the  aboye,  if  indeed  any  are  equal  to  it,  in  point  of  fadlify, 
delicacy,  and  security.  The  process  of  Manh,  by  hydn^n 
gas,  as  aoove  described,  is  indeed  yerjr  delicate,  bat  it  is  ren- 
deied  less  secore  by  the  fact  that  antimony,  if  present,  gives 
flomei^t  similar  appearances.  In  the  method  of  Fresenios 
and  Von  Babo,  antimony,  if  present,  remains  in  the  residue  of 
the  pander  heated  in  tne  rednction  tube,  where  it  may  be 
found,  chiefly  in  tihe  metallic  state,  and  partly  in  a  soluble 
combimtion. 

The  only  known  antidote  to  arsenious  acid  is  the  hydrated 
peroxide  of  iron,  the  fermgo  of  the  Edin.  Pharmacopoeia,  which 
should  be  dyen  in  the  moist  state  mixed  with  water.  When 
taiade  for  this  purpose,  the  precipitated  oxide  should  never  be 
dried,  bw  kept  under  water ;  as  when  once  dried,  it  is  feur  less 
efficaciou£.  it  acts  by  combining  with  the  arsenious  acid, 
forming  a  compound  which  is  quite  insoluble  and  inert,  and  is 
a  basic  anenite  of  sesquioxide  of  iron,  Fe,  0„  As,  O,. 

b.  An6kic  Add.    Asg  Os=115'465. 

This  acil  is  found  in  nature  combined  with  oxides  of  cal- 

E  lead,  copper,  iron,  cobalt,  and  nickel.  It  is  easily  pre- 
by  <&solving  arsenious  acid  in  nitric  acid,  with  a  httle 
icmors  acid,  and  evaporating  to  a  syrup,  which  is  heated 
gently  till  lU  nitric  acid  is  expelled.  The  residue  is  hydrated 
ars^c  a/diy  As,  0^ ,  3  H  0,  or  As,  0„  H  .  It  is  a  very  add, 
poisonous  mbstance,  remarkable  chiefly  for  its  analogy  with 
common  or  tribasic  phosphoric  acid.  This  analogy  is  so  great, 
that  for  every  tribasie  phosphate,  there  is  a  corresponding 
arseniate:  ana  this  jb  not  all.  for  the  external  propoiies  <n 
these  salts  are  so  exactly  similar,  that,  except  by  analysis,  or 
characteristic  tests,  we  cannot  tell  whether  ars^c,  or  phos- 
phonc  add,  be  present.  Not  only  are  the  native  phosphates 
of  copper,  lead,  and  iron,  exactly  uke  the  arseniates  in  colour, 
crystalline  form,  and  constitution,  but  the  phosphates  are  sel- 
dun  found  unnuxed  with  arMniates. 

The  complete  isomorphism  of  ars^e  and  tribadc  phosphoric 
idds,  in  thdr  salts,  is  one  of  the  finest  examples  of  isomor- 
phism depending  on  similarity  ai  constitution.  Like  the  tri- 
basic phosphates,  the  arseniates  occur  in  3  forms. 
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and  the  ciyfltaUine  form  in  all  yet  examined  is  the .  „ 

that  of  the  conespondiog  phoBphates.  Thna  the  an»niate  af 
aoda,  with  2  eqs.  soda,  and  1  eq.  watery  is  not  to  be  distsn- 
gnished^n  external  aspectSy  from  the  common  phosphate  el 
soda.    The  formnln  i 


It  is  highly  probable  that  phosphorus  and  arsenic  are  tHem^ 
selyes  entirely  isomorphons  as  elements:  and  in  one  paiticalar 
they  are  alike,  besides  the  analogy  of  their  compounds ;  lamely, 
the  alliaceous  odour  of  their  yaponr. 

The  salts  of  arsenic  acid  giye  with  nitrate  of  silyera  brick« 
red  precipitate  of  tribasic  arseniate  of  silyer ;  As  0^, 3  Ag O : 
and  with  hydrochloric  acid  and  sulphuretted  hydrogea,  a  pale 
yellow  precipitate  of  persulphuret  of  arsenic,  As,  S  . 

No  modifications  of  arsenic  acid,  analogous  to  ohasic  and 
monobasic  phosphoric  acids,  are  yet  known. 

ABSBNIC   AND  OHLORIIVX. 

Setquichloride  of  Anenic    Ab,  C1,=1  8 1  -66. 

Prepared  by  distilling  6  parts  of  bichloride  of  mercury  with 
1  part  of  metallic  arsemc,  3  Hg  CI,  +  As,  =  3  HgCI  +  As, 
CI  3.  It  is  a  colourless,  yolatile,  fuminf  liquid  which  is 
resolyed,  by  the  action  of  water,  into  hydrodilonc  aid  arseniovs 
acids.    As,  CI,  +  3  HO  =  As,  0,  +  3  H  CI. 

ABSBNIO  AND  lODINB. 

Pdriodide  of  Ancaiic.     As.  I,=706'9. 

When  arsenic  and  iodine  are  gently  heated  togethei  they  com* 
bine,  and  fonn  a  red  solid  compound,  which  by  the  acton  of 
water  yields  ais^nic  and  hydriomc  acids.  As.  1.  +  ^  BO  s 
As,  0. +  5HI, 

ABSBNIO  AND  BBOMINB. 

Seeqaibromide  of  Anenic    Ab^  Br^^Sl  8*6. 

Arsenic  and  bromine  when  brought  in  contact,  instantly  cob» 
bine,  with  yiyid  combustion.  The  compound  is  a  solid,  melfinj 
at  about  70%  and  boiling  at  430^.  It  is  tranq>arent,  andsluditlx 
yellow,  and  occasionally  forms  long  prismatic  oystals.  With 
water,  it  yields  aisenious  and  hydrobromic  acids. 
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ABS^IO  AND  HTDBOOBK. 

When  an  alloy  of  arsenic  and  potaninm  la  made  to  act  on 
^Tater,  there  is  fonned  a  hrown  solid  body,  which  is  said  to  be 
a  protohjdoret  of  anenic,  As  H  =  38*7. 

When  arsenic  is  melted  with  an  equal  weight  of  zinc,  an  alloy 
is  fonned,  which,  when  acted  on  by  strong  hydrochloric  acid, 
yields  a  gas  which  is  colourless,  has  a  strong  garlic  odonr,  bxuns 
with  a  bine  flame,  and  is  distinguished  firom  all  other  gases  by 
beinff  totally  absorbed,  when  pntCL  by  a  saturated  solution  of 
anlphate  of  copper.  It  is  fiightfully  poisonous  when  respired 
even  in  very  small  proportion  along  with  common  air,  and  the 
incautious  experimenting  with  it  has  proved  fatal  to  more  than 
one  chemist.  It  acts  on  many  metallic  solutions,  forming 
insoluble  aiseniuiets.  When  heated  to  redness  it  is  decom- 
posed, arsenic  beinf  deposited,  and  hydrogen,  equal  to  one  and 
a  half  time  the  bulk  of  the  £^,  being  separated.  This  ^  is 
formed  when  hydrogen  is  generated  in  a  liquid  contaming 
arsenious  acid  dOssolved,  and  mixes  with  the  nydroeen ;  and 
when  the  mixture  is  heated  red-hot  in  passing  torou^  a  tube, 
or  burned,  a  cold  plate  being  held  in  the  lame,  arsenic  is 
deposited.  This  is  the  principle  on  wldch  Marshes  process  for 
detecting  arsenious  acid  is  founded. 

▲RSBNIO  AND  SULPHUR, 
a.  Piotosiilphnret  of  Anenic.    As  S= 53*8. 
Formed  by  melting  arsenious  acid  with  half  its  weidit  of 


sulphur.    It  is  a  red  translucent  solid,  which  may  be  subli 
in  close  vessels.   It  occurs  in  the  mineral  Idngdcnn  as  realgar, 

b.  Setqnimlphiiret  of  Anenic    AigS3=123«7« 

Prepared  by  melting  together  equal  weights  of  arsenious  add 
and  sulphur,  or  by  passing  a  current  of  sulphuretted  hydroffen 
through  a  solution  of  arsenious  acid.  It  has  an  orange-yellow 
colour,  is  fusible,  and  may  be  sublimed  in  close  vessels.  It  li 
very  soluble  in  caustic  alkalies,  yielding  colourless  solutions. 
It  occurs  in  the  mineral  kingdom  as  aunpigmentum,  or  orpi« 
ment,  and  is  an  ingredient  in  king's-yellow.  It  may  be  used 
for  dyeing  silk,  woollens,  or  cottons  yellow,  by  soaking  them  in 
a  solution  of  orpiment  in  ammonia,  and  then  suspending  them 
in  a  warm  chamber.  The  ammonia  evaporates,  and  the  orpi- 
ment remains  firmly  fixed  in  the  cloth.  This  sulphuret  is  tne 
fmm  in  which  anenie  is  best  separated  from  mixed  liquids  in 
medico-legal  investigations. 
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c.  PerBolph-oret  of  Anenic    Aa^  85^156. 

Fonned  by  the  action  of  snlphiuretted  lijrdr^gen  on  andnic 
acid,  or  on  araeniates  acidulated  by  acetic  acid.  It  is  of  a  paler 
ydlo w  thui  oipiment,  ia  soluble  in  alkalies,  fusible,  and  in  dose 
vessels  volatile  without  change. 

34.  CiuoMiuM.    Ci=:28. 

Oocnis  in  nature,  in  union  with  0x7^,  as  chromic  acid  in 
chiomate  of  lead,  and  as  oxide  of  chromium  in  chrome  iron  ore, 
from  which  latter  all  the  compounds  of  chromium  are  oUained. 
The  metal  is  veiy  infusible,  and  has  probably  never  been  com- 
pletely melted.  It  is  obtained  with  difficulty  in  hard  coherent 
masses  of  an  iron-grej  colour,  by  heating  the  oxide  to  the  highest 
temperature  of  a  wmd  furnace  for  some  hours  in  a  crucible 
Kned  with  charcoal.  In  this  state  it  is  hardly  at  all  acted  on 
by  the  strongest  acids,  but  is  oxidised  by  fusi<«  with  nitie, 
yielding  chromic  add. 

CHROMIUM  AND  OXTOBN. 
a.  Sesqaioxide  of  Chromium.     Cr^  0^=80*039. 

This  oxide  may  be  obtained  by  heating  to  redness  the  bichro- 
mate of  potash,  kO,  2  Gr  O,  ;  when  neutral  chiomate,  KO,Cr 
0«,  is  formed,  sesquioxide  is  produced,  Cr,  0,,  and  oxygen  is 
disengaged,  2  (KO,  2  Cr  0,)=2  (KO,  Or  0,)+Cr  0,+0,. 
The  neutral  chromate  is  dissolved  out  by  water  and  the  oxide  is 
obtained  as  a  ciystalline  green  powder ;  or  it  may  be  pre- 
pared by  heating  a  mixture  of  bichromate  with  carbonate  of 
soda  and  sal  ammoniac  to  redness.  The  hydrate  is  obtained 
bv  heating  solution  of  bichromate  with  hy<m)chloric  acid  and 
alcohol  or  sugar  till  the  liquid  becomes  of  a  pure  green,  and 
adding  ammonia,  which  precipitates  the  hydrate  as  a  pale 
bluish-green  bulky  powder, 

Sesquioxide  of  chromium  is  isomorphous  with  sesquioxide 
of  iron  and  alumina,  and  has  been  obtained  in  crystals  exactly 
resembling  specular  iron  ore.  It  is  a  weak  base^  and  majr  l>e 
substituted  for  alumina  or  peroxide  of  iron  in  their  saUs^  with- 
out altering  the  fomu  All  its  salts  are  sreen  or  blue,  and  moat 
of  them  are  red  by  transmitted  candle-light.  Oxide  of  dmn 
mium  appears  to  exist  in  its  salts  in  two  modifications,  ia  one 
pf  which  the  solutions  are  pure  nreen,  in  the  other  of  a  mixed 
tint  of  red  and  green.  The  oxide  may  be  used  for  painting  a 
beautiful  green  on  china,  and  for  giving  glass  a  green  colour,  or 
as  a  paint,  being  veiy  permanent. 
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b.  Chromic  Acid.    Or  03  =  52*089. 

Prepaied  br  adding  1  vol.  of  a  cold  saturated  8olntioQ*of 
biduromate  of  potash  to  1-f  vol.  of  pore  oil  of  yitriol,  and 
allowiiur  the  nuxtnre  to  cool  in  a  covered  capsule,  or  in  a 
flask,  ¥men  it  deposits  beautiful  deep-ied  needles  of  chromic 
Bcid.  The  liquid  being  drained  off,  these  are  laid  on  a  porons 
brick  to  dry,  covered  with  a  bell  jar.  They  mnst  be  pre- 
aenred  in  very  tightly-stoppered  boitlesi  aa  they  axe  highly 
deliquescent. 

Chromic  acid  is  a  strong  acid,  isomorphons  with  sulphuric, 
aelenic,  and  manganic  acids.  Its  salts  are  yellow,  orange  or 
red,  and  distinguished  W  the  beauty  and  permanence  of  their 
colours.  The  acid  itseu  is  a  powerfod  oxidising  agent,  yielding 
lialf  its  oxygen  readily,  to  oxidisable  bodies,  ana  l^ing  reduced 
to  seequiozide :  2 Cr  0,  =  Cr,  O,  +  O,.  Thus  it  instantly 
.eets  firie  to  alcohol  when  thrown  into  that  fluid ;  and  a  mixture 
of  bichromate  of  potash  and  sulphuric  acid  is  much  used  as  a 
means  of  oxidising  oiganic  pn^ucts,  and  yielding  new  com- 
pounds. Chromic  acid  and  oxide  of  chromium  are  Doth  easily 
recognised  in  solutions  by  their  colour,  and  the  acid  especially 
by  ito  ready  convertibilitjr  into  the  oxide  by  deoxidising  acents. 

According  to  Barreswill  there  exists  a  perchromic  aciof,  Cr, 
O,,  corresponding  to  permanganic  acid,  it  is  formed  by  the 
action  of  peroxide  of  hydrogen  on  chromic  acid,  and  has  a  fine 
deep-blue  colour.  It  is  almost  immediately  resolved,  however, 
into  chromic  add  and  oxygen. 

OBROMIUM  AMD  OHLORINX. 

a.  SesquieUoride  of  Chnmiiim.    Cr,  Q,  =  162-26. 

Prepared  by  passing  chlorine  over  a  mixture  of  sesauioxide 
of  chromium  and  charcoal  heated  to  redness.  It  collects  in 
the  cold  part  of  the  tube  as  a  oystalline  peach-blossom- 
coloured  sublimate,  which  dissolves  in  water,  forming  a  green 
solution,  which  probably  contains  hydrochloric  acid  and  see- 
quioxide,  Cr.Cl,  -|-  3  fi  0  =  Cr  0,  +  3  H  CI.  The  sesaui- 
cnloride  eidsts  in  another  modincation  as  a  pink  insoluole 
iKywdo*. 

b.  Ozychloride  of  Chromium.     Cr-{-2f,  or  OrCl,-»'2CrOg. 


This  compound  is  formed  when  neutial  chromate  of  potash, 
eommon  salt,  and  oil  of  vitriol  are  heated  tcwether,  (KO,  Cr 
p,)-hNa  Cl+2  80^=(K  0,  S  0  J+(Na  O,  S 0.)+Cr  O,  CI  i 
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or  3  ^0,  Cr  OJ+3  NaCl  +  6S0,=3  (KO,  S0,)+3(Na 
0,  S  O3)  +  CrCl,  +  2CrO,.  It  distils  over  as  a  deep-red 
faming  uquid,  which  decomposes  water,  producing  hydiochloiic 
and  cmromic  acids.  It  sets  fire  to  phosphoms  and  manj  otiier 
combustible  bodies.  When  its  vapour  is  passed  through  m 
red-hot  tube  it  is  resolved  into  ozyeen,  chlorine,  and  sesqni* 
oxide  of  chromium,  2  Cr  O.-Cl  =  Cr,  0,  +  0  -h  CI, ;  or  2 
(CrCl,  -|-2CrO,)  =  3Cr,  0,  -f  0,  -f  CI..  Its  constitntion 
Is  uncertain,  as,  according  to  the  two  formula  above  given,  it 
maj  be  viewed  either  as  chromic  acid,  in  which  1  eq.  of 
oxygen  is  replaced  by  chlorine,  or  as  a  comj^und  of  1  eq.  ter- 
chloride  of  chromium,  and  2  eqs.  chromic  acid. 

c.  Perflaoride  of  Chromium. 

When  a  mixturo  of  chromate  of  lead,  fluoride  of  calcium, 
and  oil  of  vitriol,  or,  better,  fuming  sulphuric  acid,  is  distilled 
in  a  silver  rotort,  thero  is  disenga^  a  red  gas,  which,  in  con- 
tact with  the  moisture  of  the  air,  produces  hydrofluoric  and 
chromic  acids.  Its  precise  composition  is  unlmown.  It  was 
formerly  considered  a  terfluoride ;  but  it  appears  that  this  is 
not  the  case,  and  that  it  is  mora  probably  a  quintofluoride, 
CrF^.  Possibly  it  may  be,  like  the  preceding  compound,  an 
oxyfluoride. 

85.  Vanadium.    7=68*5. 

This  veiy  rare  metal  is  found  in  small  Quantity  in  the  slag 
of  the  iron  furnaces  whero  the  iron  oro  of  Tabeig,  in  Sweden, 
is  smelted,  also  in  the  lead  mines  of  Scotland,  as  vanadiate  of 
lead,  a  mineral  which  likewise  occurs  in  Mexico.  The  metal 
is  bii^e,  veiy  infusible,  and  nearly  silver  white.  In  its  chemical 
relations  it  is  somewhat  analogous  to  chromium  ;  and,  like  it, 
forms  coloured  compounds.  It  is  not  oxidised  either  by  air  or 
water,  and  the  only  acid  that  dissolves  it  is  aqua  regia. 

s.  Protoxide  of  yuMdium.    ¥0  =  76-513. 

A  blAck  powder,  which  being  heated  bums  into  deutoxide* 

b.  Dentoxide  of  Vaiiadinm.    Y  O,  =  84-526. 

This  oxide,  when  anhydrous,  is  black,  but  forms  blue  salts ; 
these  aro  apt  to  become  first  green  and  llien  red,  firom  the 
forxpation  of  vanadic  acid. 

c  Yanadic  Add.    Y  03  =  92-589, 

Is  obtained  from  vanadiate  of  lead  by  dissolving  it  iir 
nitric  add,  and  precipitating  lead  and  arsenic  by  sulphuretted 
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hydrogen^  which  reduces  the  acid  to  deatoxide.  \lie  bloe 
aolntion  is  evaporated,  during  which  vanadic  acid  is  icpro^ 
daced|  and  the  dry  mass  is  digested  in  ammonia,  which  dis- 
solves the  acid.  Into  this  solution  a  lump  of  sal-ammoniac  is 
introduced,  and,  as  this  dissolves,  tihe  vanadiate  of  ammonia 
aepaiates,  beinff  insoluble  in  a  saturated  solution  of  sal  ammo- 
niac. When  this  salt  is  heated  to  a  point  below  red-heat  in 
an  open  vessel,  the  ammonia  is  expelled,  and  vanadic  acid  lefL 
whidi  melts  below  a  red-heat,  and  on  cooling  forms  beautiful 
red  crystals.  With  bases  it  forms  salts  which  are  either  red 
or  yellow,  according  as  tiiey  are  acid  or  neutral  salts.  It  is 
singular  that  the  neutral  vanadiates  of  the  alkalies  may  occur 
both  yellow  and  colourless  without  any  known  difference  in 
composition.  Vanadic  acid  unites  with  deutoxide  of  vanadium^ 
forming  compounds  which  are  purple,  preen,  yellow,  or  onmge, 
accordin|f  as  the  acid  or  oxide  predommates.  Vanadic  acid  is 
distinguished  from  chromic  add  by  yielding  a  blue  solution, 
When  deoxidised,  instead  of  a  green  one. 

With  chlorine,  vanadium  forms  a  bichloride,  VCl^,  and  a 
terchloride,  V  CI,.  The  latter  is  formed  by  passing  chlorine 
over  a  mixture  of  protoxide  of  vanadium  and  diarcoM,  heated 
to  low  redness,  when  the  terchloride  distils  over  as  a  yellow 
fuming  lionid,  which  decomposes  water,  producing  hydrochloric 
and  vanadic  acids.  When  tnis  chloride  is  exposed  to  a  current 
of  ammonia,  a  white  compound  is  formed,  ana  if  this  be  heated 
in  a  continued  current  of  ammonia,  metallic  vanadium  is 
formed,  and  adheres  to  the  tube. 

S6,  MoLTBDEKUM.    Mo=:47*7. 

This  metal  occurs  in  nature,  combined  with  sulphur,  forming 
a  lead-coloured  metallic  minonl  in  broad  plates  or  leaves, 
called  moljrbdena,  or  sulphuret  of  molybdenum.  It  is  found 
more  sparingly  as  molybdic  acid  combined  with  lead.  Hie 
metal  may  he  obtained  by  passing  hydrogen  gas  over  molybdic 
acid,  heated  to  whiteness  in  a  porcelain  tube.  It  is  a  brittle 
white  metal,  almost  quito  infusible.    It  forms  three  oxides* 

MOLYBDSNUtt  AND  OXTOXN. 

a.  Protoxide  of  Moljbdenum*    Mo  O  =  5571 8. 

A  black  powder,  which,  when  heated  in  the  air,  takes  fire 
and  forms  deutoxide.    Its  hydxato  dissolves  in  acids. 

b.  Deutoxide  of  Molybdenum.     Mo  0,  =  63*726. 
A  dark-brown  powder,  forming  a  rust-coloured  hydrato, 
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which  dusolves  in  aeidB,  fonxung  red  salts.  When  ezpoted  to 
air,  it  absorbs  oxygen  and  becomes  blue  on  the  snr&ce.  The 
bine  oompoond  is  a  bimolybdate  of  the  deatozide,  MoO,, 
2MoO,. 

c.  Molybdic  Add.    Mo  O,  =  71-739. 

Obtained  by  roasting  the  snlphnret  at  a  low  red-heat,  as  long 
as  snlphorons  acid  escapes,  and  acting  on  the  residne  with 
ammonia,  which  dissolves  molybdic  acid.  The  molybdate  of 
ammonia  is  then  purified  by  ciystallisation ;  and  onheatuig  it 
gently  in  an  open  platinum  crucible,  ammonia  is  expelled,  and 
molybdic  acid  left.  It  is  a  white  powder,  fusible  at  a  ted- 
heat,  which  sublimes  in  a  current  of  air.  It  is  sparingly  solnble 
in  water.    It  forms  salts  with  bases,  which  axe  colourless. 

MOLTBOSNUU  AND  OBLOaiNS. 

The  protochloride^  Mo  CI,  is  a  nearly  black  soluble  com- 
pound. When  chlorine  gas  is  passed  over  metallic  mdybde- 
num  gently  heated,  bichloride  of  molybdenum,  MoCJl,,  is 
formed  as  a  deep  red  vapour,  which  condenses  in  black  ciysUls, 
like  iodine,  when  the  deutoxide  is  heated  in  dry  diloriney 
there  is  formed  a  yellowish-white  crystalline  sublimate, 
which  is  an  oxychloride,  analogous  to  that  of  chromium. 


Mo  I  ^j'  or  Mo  CI,  +  SMoO,. 


MOLTBDENtJBC  AND  SULPHUE. 

There  are  3  sulphurets  of  this  metal.  1.  The  bisulphoret, 
MoS  ,  which  is  the  usual  ore  of  molybdenum  already  described  ; 

2.  The  tersulphuret,  a  dark-brown  or  black  powder,  Mo  S   ; 

3.  The  persulphuret,  also  a  dark  powder,  MoS^.  Both  the 
last  are  sulphur  acids,  combining  with  sulphur  bases,  such  as 
sulphnret  of  potassium. 

37.  Tmraenif.    W  —  99*7. 

8tn.  Wolfram — Occurs  in  nature,  chiefly  in  the  mineral 
wolfram,  oxidised  along  with  oxides  of  iron  and  manganese, 
and  more  sparindy  in  Uie  mineral  tungsten,  a  compound  of 
tungstic  acid  with  lime.  The  metal  may  be  obtained  as  the 
preceding,  but  is  little  known.  It  is  very  infdsible,  and  has 
the  Sp.  G.  17*4.  When  heated  in  air,  it  buns  and  forms 
tungstic  acid. 
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TUM08TEK  AN2>  OZTOEN. 

a.  Dentozide  of  TangBton.    WOg=l  15*726. 

To  obtain  it,  1  part  of  finely-powdered  wolfram  is  fused  in 
a  platinum  cradole  with  2  ports  of  carbonate  of  potash. 
Tongstate  of  potash  is  formed  which  is  dissolved,  filtered 
to  separate  the  oxides  of  iron  and  manganese,  and  evaporated 
to  dryness.  The  salt  is  mixed,  in  solution,  with  half  its 
weight  of  sal-ammoniac,  and  the  mixture  dried  up  and  ignite<L 
The  tungstic  add  is  reduced  to  the  state  of  oxide  by  the 
ammonia,  and  chloride  of  potasnum  is  formed ;  the  latter  is 
dissolved  out  by  water,  and  the  former,  being  first  boiled  with 
Dotash  to  remove  any  tungstic  acid,  and  Uien  washed  and 
oiiedy  is  pure  oxide  of  tungsten.  It  is  a  very  heavy  black 
powder,  which,  when  heat^  in  the  air,  bums  like  tinder, 
forming  tungstic  acid. 

b.  Tvngrtk  Add.    WO,  =  128*739. 

It  is  formed,  as  above,  bv  heating  the  oxide  in  the  air.  It 
is  a  yeDow  powder,  insoluble  in  water.  With  bases,  it 
forms  crystallisable  salts.  When  heated  to  500"  or  GOO* 
in  a  current  of  hydrogen,  it  becomes  of  a  fine  deep  blue, 
losing  BO  much  oxygen  that  it  leaves  an  oxide,  the  blue 
oxide  of  tungsten,  the  formula  of  which  is  W,  O.  =  WO 
+  W  O , ;  so  that  it  may  be  viewed  as  a  tungstate  of 
tungsten. 

TUNOBTIN  AND  OBLOJUNX. 

When  heated  in  chlorine  gas.  tungsten  fcnDB  two  chlorides, 
a  bichloride,  W  Cl„  and  a  terddoride,  W  CI3.  Both  are  red. 
volatile,  and  ciystallisable  compounds,  subliming  in  beautiful 
ciystals.  The  former,  with  water,  produces  hydrochloric  add 
and  binoxide  of  tungsten ;  the  latter  yields  hydrochloric  add 
and  tungstic  add. 

When  the  binoxide  is  heated  in  chlorine  gas,  there  is 
formed  an  oxychloride  in  the  shape  of  white  volatile  scales, 

like  boradc add*    Itis  WCl, +  2  WO. ;  or  W  |^- 

The  sulphurets  of  tungsten  have  no  peculiar  interest 

38.  CoLUMBivM.    Ta=;185. 

Snt.  TofOaiwn, — It  occurs  very  sparingly,  in  the  minerals 
tantalite  and  vttro-tantalite,  as  columbic  acid.  The  metal  is 
obtained  by  the  action  of  potasnum  on  the  double  fluoride  of 
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colnmbiam  and  potasdnm,  as  a  black  powder,  which ,  when 
compressed,  exhibits  metallic  lustre ;  and  when  heated  boms 
in  air,  yielding  colombic  add. 

With  oxygen  it  appears  to  form  two  compoonds ;  a  binox- 
ide,  Ta  0,,  and  colombic  acid,  Ta  0,.  The  latter  is  a  white 
insolnble  nowder,  which  forms  salts  with  bases. 

With  chlorine  it  forms  a  volatile  terchloride,  TaCl, ;  and 
with  flnorine,  a  white  soluble  terflnoride.  Ta  F  . 

Rose  is  at  present  occupied  with  tne  stuay  of  two  new 
metals  found  in  the  ores  of  Columbium  or  Tantalum,  to  which 
he  has  given  the  names  of  Pelopium  and  Niobium. 

89.  Antimony.    Sb=64*6. 

This  valuable  metal  is  chiefly  found  in  the  mineral  called 
antimony,  which  is  a  Be8|quisul^huret,  Sb  S^,  and  which 
occurs  both  pure  and  combined  with  other  siuphurets.  From 
the  sulphuret  the  metal  is  easily  obtained  by  heating  it  with 
iron  filings,  when  the  sulphur  combines  with  the  iron,  and  the 
melted  antimony  collects  at  the  bottom  of  the  crucible* 

It  is  a  brittle  metal,  of  Sp.  Qt,  6*7,  having  a  bluish  or  grey- 
ish-white colour  when  pure.  It  melts  at  810°,  and  in  a  very 
intense  heat  it  is  volatilised.  When  heated  strongly  in  open 
vessels,  it  takes  fire,  burning  with  a  white  light,  and  pro- 
ducing white  vapours,  which  otten  condense  in  crystaJs,  ana  are 
s^uioxide  of  antimony^  Sb,  O,.  Antimony  is  the  chief 
ingredient  in  type  metal* 

▲MTDCOMT  AMD  OXTOBN* 

B.  SMqaiozide  of  Antimony.    8b,  O,  =  159*2S9. 

To  prepare  it,  sesquisulphuret  of  antimony  is  boiled  with 
about  5  parts  of  strong  hydrochloric  acid,  when  sulphuretted 
hydrogen  is  given  off,  and  sesquichloride  of  antimony  is  dis- 
solved. Sb.  S3  +  3  H  CI  =  Sb,  CI3  +  3  HS.  The  solution 
is  now  thrown  into  a  laij(e  quantity  of  water,  when  a  curdy 
nrecipitate  separates,  which  is  sesquioxide  of  antimonyi  com- 
bined with  some  undecomposed  chloride,  9  Sb»  0,  -f  2  Sb, 
Cl„  the  oxide  having  been  formed  by  the  .action  of  water 
on  the  chloride  ;  Sb  CI  -f-  3  HO  =  Sb,  O,  +  3  H  CI.  The 
precipitate  of  oxychloride,  which  soon  changes  into  cmtals, 
if  left  in  the  liquid,  is  now  to  be  washed  and  digested  with 
an  excess  of  carbonate  of  soda,  by  which  the  remaining 
chloride  is  converted  into  oxide.  Sb^  CI.  +  3  Na O  =  Sb, 
O3  +3NaCl.  The  sesquioxide  is  now  pure,  and  is  to  be 
washed  and  dried. 
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It  is  ft  oreyiah-white  hea^y  powder,  fusible  at  a  dull  red- 
heat  in  close  vessels,  and  voIatLle  at  a  higher  temperature. 
If  heated  in  the  open  air  it  absorbs  oxygen,  forming  anti- 
monicnis  acid.  It  is  a  base,  and  forms  auts  with  acids,  the 
most  important  of  which  is  tartar  emetic.  Most  of  its  soluble 
salts  are  decomposed  by  the  contact  of  water. 

Sesqniozide  of  antimony  in  solution  is  easily  recognised  by 
the  peculiar  brownish  orange  precipitate  caused  by  sulphuretted 
hydrogen. 

b.  AntimoDknu  Add.    Sb,  0^=  161*252. 

When  oxide  of  antimony  is  heated,  it  absorbs  oxygen,  and 
when  antimonic  acid  is  heated,  it  loses  oxygen,  the  product  in 
both  cases  being  the  permanent  antimonious  acid.  It  is  a  white 
insoluble  powder,  very  infusible  and  fixed  in  the  fire.  It  forms 
saltSy  called  antimonites,  with  bases. 

c.  Antimonic  Add.    Sb^  O5  =  169*265. 

Ib  formed  by  acting  on  the  metal  with  strong  nitric  acid  till 
it  is  converted  into  a  white  powder,  which  is  hydrated  anti- 
monic acid.  It  is  decomposed  by  a  red-heat,  yielding  water, 
oxygen,  and  antimonious  acid.  It  forms  salts,  called  antimo- 
niates,  with  bases. 

AU  the  oxides  of  antimony  are  used  in  medicine ;  but  the 
sesquioxide  is  the  most  important,  as  the  basis  of  tartar 
emetic,  which  is  a  double  tartrate  of  potash  and  sesquiopde 
of  antimony. 

AMnifomr  and  chlorine. 
a.  Sew^iiidiloride  of  Antimony.    Sb^  CI.  =  235*46. 

Is  readily  obtained  by  dissolving  1  part  of  sulphuret  of  anti* 
mony  in  5  parts  of  hydrochloric  acid  (see  above),  and  distilling 
the  solution,  until  the  volatile  part  becomes  semisolid  on  cool- 
ing ;  the  receiver  is  then  changed,  and  what  passes  over  after- 
wards is  pure  anhydrous  chloride  of  antimony.  It  is  a  soft 
deliquescent  solid,  formerly  called  butter  of  antimony.  When 
mixed  with  water,  it  is  decomposed  as  mentioned  above. 

b.  Percbloride  of  Antimony.    Sb^  Cl^  =  306*3. 

Obtained  by  acting  on  metallic  antimony,  or  on  the  sesqui- 
chloride,  with  an  excess  of  chlorine.  It  is  also  formed  when 
powdered  antimony  is  introduced  into  chlorine  gas,  when  it 
bums  with  a  vivia  light.  It  is  a  colourless,  volatile  fuming 
liquid,  which  is  decomposed  by  water,  yielding  hydrochloric 
and  antimonic  adds. 
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c.  Oxychloride  of  Antimony.    9Sbj,  O3  +  SSbg  CI,. 

This  is  the  white  powder  fonned  when  sesquichloride  of  anti* 
mony  is  thrown  into  water,  as  above  described,  under  the  head 
of  sesquioxide.  It  soon  changes  into  crystals,  and  is  a  definite 
compound  of  oxide  anfl  chloride.  It  is  entirely  converted  into 
oxide  hy  alkalies.    It  was  formerly  called  powder  of  Algaroth. 

Bromine  and  antimony  combine  readily,  and  form  a  volatile 
cr3r8talline  solid. 

ANTIMONY  AND  SULPHUR. 
«.  Sesquiiulphuret  of  Antimony.     Sb,  8,==  177*5. 

This  is  the  common  ore  of  antimony,  and  is  generally  a  dark- 
grey  radiated  fusible  cirstalline  mass,  Sp.  G.  4*62.  When 
formed  by  the  action  of  sulphuretted  hydrogen  on  salts  of 
antimony,  it  is  precipitated  as  a  hydrate,  of  a  browmsh  orange 
colour. 

•    b.  Penulphnret  of  Antimony.    Sb^  S^  =  209*7. 

When  sesquisulphuret  and  sulphur  are  boiled  in  solution  of 
potash,  and  an  acid  added  to  the  filtered  liquid,  a  golden-yellow 
precipitate  is  formed,  often  called  the  golden  sulphuretof  anti- 
mony, which  is  the  persulphuret,  Sb,  S^. 

c.  Oxyrolpbupet  of  Antimony.    2  Sb,  S,  +  Sb^  O,  =  508'2. 

This  compound  is  found  in  nature  as  red  antimony ;  and 
when  sesquisulphuret  of  antimony  is  boiled  with  potash,  and 
an  acid  added  to  the  filtered  liquid,  a  reddish  orange  precipi- 
tate is  formed,  which  is  often  oimnlphuret ;  although  it  may 
be  obtained  nearly  free  from  oxide,  and  is  then  hydrated  ses- 
quisulphuret. This  is  the  substance  so  long  known  as  mineral 
kermes  ;  and  it  is  the  form  in  which  sulphuret  of  antimony  is 
chiefly  used  in  medicine  on  the  Continent.  In  this  country 
we  use  the  precipitated  sesquisulphuret. 

40.  Uramiuii.    U  =:  217. 

This  metal  occurs  in  the  form  of  protoxide,  along  with  other 
oxides  in  the  mineral  pitchblende ;  and  in  that  of  peroxide  in 
uranite  and  xiran  mica.  When  an  excess  of  pitchblende  is 
digested  with  diluted  nitric  add,  uranium  dissolves,  to  the 
exclusion  of  iron,  and  after  lead,  copper,  bismuth,  or  arsenic, 
have  been  removed  by  sulphuretted  hydrogen,  the  solution  may 
be  considered  pure.  Carbonate  of  ammonia  precipitates  the 
peroxide  of  uranium,  but  an  excess  re^issolves  it ;  and  this  aolu- 
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tion,  if  boiled,  deposits  pme  peroxide  of  nianinm,  of  a  Teiy  fine 
yellow  colour.  The  metal  is' little  known;  and  from  recent 
researches  it  would  appear  that  what  was  supposed  to  he  the 
metal  is  an  oxidised  Iwdy,  acting,  accorduig  to  r^ligot,  the  part 
of  a  metal ;  while,  according  to  others,  it  is  the  protoxide  of  the 
tme  metal.  In  the  present  state  of  onr  knowledge,  it  is  not 
easy  to  decide;  and  as  the  metal  is  not  one  of  great  import- 
ance, I  shall  not  enter  into  details  here ;  merely  stating,  that 
the  oxide  formerly  called  protoxide,  is  nsed  for  ffiving  a  fine 
black  in  painting  on  porcelam  ;  and  that  the  peroxide  and  all  its 
compounds  have  rich  and  permanent  yellow  colours.  Its 
solations  are  yellow,  and  ^ve  with  ferrocyanide  of  potassium, 
a  rich  chestnut-brown  precipitate* 

41.  Csaiux.        42.  Lantaniux. 

These  metals  are  in  a  state  ofstill  greater  uncertainty.  They 
occur  iiiTariabljr  associated  in  some  yery  rare  minerals,  and  are 
not  yet  known  in  a  state  of  purity.  Tnis  applies  to  the  oxides 
likewise.  According  to  the  most  recent  researches  of  Mosander, 
who  discoyered  lantanium,  these  two  metals  appear  to  be  always 
asBodated  with  a  third,  didymium,  which  is  not  yet  folly  de- 
scribed. It  would  be  absurd  at  present  to  giye  a  description 
which  would  infallibly  haye  to  be  altered  in  a  yery  short  time. 
All  these  metals  are  too  rare  to  become  of  any  practical  interest. 

43.  BisMCTB.    Bi  =  7107. 

Oocnis  sometimes  as  metal,  more  ire^uentl^  as  snlphuret.  It 
is  a  hi^y  crystalline  metal,  of  a  redduh-white  colour,  fusible 
at  476^,  and  even  yolatile  in  dose  yessels.  When  heated  in 
the  air  it  bums  with  a  bluish  flame,  forming  oxide  of  bismuth. 
Bismuth  is  an  .ingredient  in  Newto&'s  fusible  metal,  and  in 
Taiions  fusible  alloys.  • 

BISMUTB  AND  OXTOBN, 

a.  Piotozide  of  Bismuth.    Bi  0  =  79.083* 

To  obtain  it,  bismuth  is  dissolyed  in  nitric  add,  and  the  solu- 
tion thrown  into  water,  when  a  copious  white  predpitate  of 
fubnitrate  of  bismuth  is  formed.  This  is  washed,  dried,  and 
ignited,  and  protoxide  of  bismuth  is  left.  It  is  a  yellowpowder, 
fusible  at  a  red  heat.  With  adds  it  forms  colourless  salts. 
Most  of  these  salts  are  decomposed  when  thrown  into  water  ; 
and  this  character,  coupled  with  the  black  caused  by  sul- 
phuretted hydrogen,  enables  us  easily  to  recognise  the  presence 
of  biflnnth,  and  to  separate  it  from  other  metals, 

p2 
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b.  Peroxide  of  Bumuth.    BisO,  =  166-179. 

Formed  when  protoxide  of  bismuth  is  fused  with  hydrate  of 
potash,  or  whea  it  is  digested  in  a  solution  of  chloride  (hypo- 
chlorite) of  soda.  It  is  a  heavy  brown  powder,  of  a  nential 
character* 

CblorideofBiimaih.    Bi  CI  =106-43. 

Powdered  bismuth  takes  fire  in  chlorine  gas,  and  forms  a  grey 
semisolid  chloride,  not  volatile,  the  old  butter  of  bismuth.  ^ 

Bromide  of  bismuth  resembles  iodine  in  appearance ;  it  is 
fusible  and  volatile. 

The  sulphuret  of  bismuth  found  in  nature  is  of  a  lead-^rey 
colour ;  that  fonned  by  the  action  of  sulphuretted  hydrogen  on 
the  salts  of  bismuth  is  black.    It  is  a  protosulphuret,  Bi  S. 

44.  TiTAMiux.    Ti=24'3. 

This  metal  is  found  oxidised  in  several  minenJs ;  and  occurs 
occasionally  in  the  metallic  form,  in  the  slag  of  iron  works,  as 
small  cubical  crystals,  exactly  similar  to  copper  in  appearance, 
of  8p.  G.  5*3,  and  veiy  infusible.  When  heated  with  nitre, 
they  are  oxidised,  producing  titanic  acid. 

TTTANIVIf  AND  OXTOEN. 

a.  Protoxide  of  Titanium.    Ti  O  ? 

When  a  solution  of  titanic  acid  in  hydrochloric  acid  is  acted 
on  by  zinc,  a  purple  powder  is  thrown  down,  which  is  supposed 
to  be  a  hydrate  of  tne  protoxide.  It  rapidly  absorbs  oxygen 
from  the  air,  and  is  reconverted  into  titanic  acid. 

b.  Titanic  Add.    Ti  O,  =:  40-326, 

To  obtain  this  acid,  rutile,  which  is  a  native  titanate  of  iron 
and  manganese,  is  heated  to  strong  redness  in  a  porcelain  tube, 
and  sulphuretted  hydrogen  gas  pused  over  it,  which  acts  on  the 
oxides  of  iron  and  manganese,  converting  them  into  sulphurets  ; 
the  operation  is  continued  as  long  as  water  is  formed,  and  the 
residue  is  digested  in  hydrochloric  acid,  which  dissolves  the  sul- 
phurets, leaving  the  titanic  acid,  mixed  with  a  little  sulphur. 
Should  it  not  appear  quite  white,  the  process  is  repeated. 

Titanic  acid  is  a  snow-white  infusible  solid,  in  its  relations 
somewhat  analogous  to  silicic  acid.  When  it  has  been  fused 
witii  alkali,  it  becomes  soluble  in  strong  hydrochloric  add,  but 
it  is  precipitated  by  boiling.  A  solution  of  galls  causes  an 
orange-red  colour  in  its  solution,  and  a  rod  of  zinc  causes  a 
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poiple  deposit.    Titanic  add  is  naed  in  makiiig  the  finer  kinda 
of  enamel  for  artificial  teeth,  from  its  whiteness  and  hardness. 

BICHLOBinB  OP  TITANIUM, 

Formed  by  passing  chlorine  gas  oyer  metallic  titaninm,  or  a 
mixtore  of  titanic  acid  and  charcoal,  at  a  red-heat.  It  is  a 
transparent  colourless  liquid,  boiling  at  a  little  above  212**,  and 
fdming  strongly  in  the  air.  When  a  few  drops  of  water  are 
added  to  a  portion  of  it,  a  very  violent  action  takes  place,  and 
a  solid  hj^te  of  titanic  acid  is  left,  hydrochloric  acid  being 
given  off.  TiCl,+2HO=TiO,-f2HCa.  It  absorbs  a  large 
quantity  of  ammonia,  and  yields  a  solid  compound. 

Bisalphnret  of  titanium  is  formed  by  pas8in£[  the  vapour  of 
bisolphuret  of  carbon  over  titanic  acid,  at  a  whito-heat.    CS 
+TiO,  =  CO, -fTiS  .    It  forma  thick,  ^reen masses,  which 
become  yellow  and  metallic-looking  by  friction. 

45.  TBtLVMUM.    Te=:64'2. 

This  veiy  rare  metal  occurs  alloyed  with  gold  and  silver. 
It  has  a  colour  between  that  of  tin  and  lead,  is  very  brittle,  and 
has  Uie  8p.  G.  6-2578.  It  is  veiy  fusible,  and  volatile  at  a 
red-heat.  It  forms  two  oxides.  The  first,  oxide  of  teUurium, 
or  tellurous  acid,  Te  0,,  is  analogous  to  selenious  add,  and  like 
it  formed  by  the  action  of  nitric  add  on  the  metal.  It  is  a 
white  insoluble  powder,  which  forms  with  the  alkalies  ciystal- 
Hsable  salts,  from  which  it  is  separated  by  adds  as  a  flaky 
hydrate,  which  dissolves  in  acids,  and  even  in  water.  It  is 
blackened  by  sulphuretted  hydrogen,  and  reduced  to  the 
metallic  state  by  zinc  and  other  metals.  The  other  oxide  is 
telluric  add,  Te  0,,  which  Is  formed  when  tellurium  is  defla- 
grated with  nitre.  It  is  a  soluble  and  crystaUisable  acid ;  the 
crystak  are  Te  0,,  3  H  0.    Its  salts  are  not  much  known. 

There  are  two  chlorides :  the  protochloride,  Te  CI,  a  black 
solid,  jyielding  a  violet  vapour ;  and  the  bichloride,  a  white, 
volatile,  crystallisable  solid. 

With  sulphur,  tellurium  forms  two  compounds,  one  of  which, 
the  bisulphuret,  Te  S„  is  a  dark-brown  powder ;  the  other  is 
yellow,  but  not  permanent. 

With  hydrogen,  tellurium  forms  a  gaseous  compound,  ob- 
tained by  the  action  of  hydrochloric  acid  on  an  alloy  of  tellu- 
rium with  zinc.  It  is  a  feeble  add,  analogous  in  composition, 
smell,  and  other  characters,  to  sulphurett^  hydrogen.  ^  With 
water  it  forms  a  claret-coloured  solution,  wmch  precipitates 
many  metallic  salts,  yielding  predpitates  which  are  tellorets  of 
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the  metals,  analogons  to  the  ralpharets  and  seleninrets.  Ita 
formula  is  H  Te,  and  its  action  on  metallic  oxides  is  IL  Te  + 
MO  =  MTe-hHO. 

46.  Co^PfcR.    Cu  =:31tf. 

This  important  metal  is  sometimes  found  as  metal,  'but  it 
chiefly  occurs  in  copper  p^tes,  the  sulphuret,  and  in  blue 
copper  ore,  or  malachite,  Wluch  is  carbonate  of  copper.  The 
latter  ore,  heated  with  charcoal,  yields  the  metal  most  easily. 
It  is  distinguished  from  all  other  metals,  except  titanium,  by 
its  red  colour.  It  melts  in  a  strong  red-heat,  and  has  the  8p. 
G.  8*667.  It  is  both  ductile  and  malleable,  and  has  a  hi^ 
degree  of  tenacity.  It  is  hard,  elastic,  and  sonorous.  Heated 
in  the  open  fire  it  absorbs  oxygen,  and  produces  a  black  crust 
of  oxide  of  copper,  Gu  0.  Its  proper  solvent  is  nitric  acid,  but 
it  dissolves  in  all  acids  if  air  be  admitted,  even  in  the  cold. 
This  renders  its  use  for  culinary  purposes  dangerous,  as  copper 
vessels  left  with  vinegar,  or  any  vegetable  acid  in  them,  are 
sure  to  be  corroded,  and  the  solutions  are  very  poisonous. 
Copper  is  an  ingredient  of  brass,  in  which  it  is  combined  with 
zinc ;  and  of  bronze  and  bell-metal,  in  which  it  is  alloyed  with 
different  proportions  of  tin. 

COPPER  AND  OXTOEN. 

s.  Protoxide  of  Copper.    Cu  0  =  39*613. 

Syn.  Blaei  Oxide  of  Oopper-^U  obtained,  as  above^  by 
heating  copper  in  air,  or  by  calcining  nitrate  of  copper,  when 
the  oxide  is  left.  It  is  a  heavy  black  powder,  wnich  is  a 
strong  base,  and  forms  with  acids,  salts,  aU  of  which  are  blue 
or  green.  The  solutions  of  this  oxide  have  generally  a  blue 
dolour ;  they  gjive  with  potash  a  pale-blue  hydrate,  becoming 
bhick  when  boiled  in  the  liquid  in  which  it  was  formed ;  with 
ammonia  in  excess  a  deep  violet-blue  solution ;  with  sulphu- 
retted hydrogen,  a  black  ;  and  with  ferrocyanide  of  potassium, 
a  chestnut-brown  precipitate.  The  last  test  is  highly  delicate. 
Iron  throws  down  metallic  copper  from  these  solutions.  Black 
oxide  of  copper  is  not  decomposed  by  heat,  but  has  the  valuable 
property  of  yielding  all  its  oxygen  at  a  red-heat  to  oiganic 
matter ;  hence  its  importance  in  organic  analysis. 

b.  Suboxide  of  Copper.    Cu,  0=  71"21 3. 

SyK.  Bed  O^nde  of  Cb»p«r— Occurs  native,  and  is  formed 
when  a  mixture  of  dried  sulphate  of  copper,  dried  carbonate  of 
soda,  and  copper  filings,  is  ignited  strongly  for  20  minutes.     It 
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is  a  red  powder.  It  dinolTes  in  hydrochloric  acid,  forming  A 
coloarlera  solntion,  from  which  alkalies  precipitate  an  orange 
hydrate,  hot  moet  acids  resolve  it  into  black  oxide  and  copper. 
CQ,0  =  CaO  H- Cu.    It  is  a  feeble  base. 

COPPER  AND   OHLORINB. 

Chloride  of  Copper.     Cn  CI  =  66*02. 

Forms  sreen  delicjuescent  needles,  which  are  a  hydrate. 
The  anhydroQS  chlonde  is  yellow. 

Didiloride  of  Copper.     Cu,  CI  =  98-62. 

Is  fonnd  when  copper-filings  are  heated  with  2  parts  of  cor-» 
rosiye  sablimate.  A  resinons-like,  fusible  mass,  of  a  yellow  or 
brown  colour. 

Diniodido  of  Copper.     Cug  I  =  1897. 

Formed  when  iodide  of  potassinm  is  added  to  a  solution  of 
1  part  of  snlphate  of  copper,  and  3  parts  of  sulphate  of  iron« 
It  falls  as  a  dirty  white  precipitate.  We  are  thus  enabled  to 
precipitate  the  whole  of  the  iodine  from  any  iodide  ;  for  if  we 
add  onJy  sulphate  of  copper,  not  more  than  one-half  of  the 
iodine  is  got,  the  other  halt  b^g  set  free,  because  no  proto- 
iodide  of  copper  exists. 

Disnlphnret  of  Copper.    Cug  8  =  79*82. 

This  is  the  native  ore,  copper  p3nrites,  and  is  formed  when 
sulphuretted  h^^drogen  acts  on  solutions  of  copper. 

The  best  antidote  to  the  preparations  of  copper  is  white  of 
egg,  which  forms  with  oxide  of  copper  an  inert  compound. 

47.  Lead.    Pb=  108*6. 

This  valuable  metal  chiefly  occurs  combined  with  sulphur, 
forming  the  mineral  salena,  or  lead-dance,  from  which  all  the 
lead  of  commerce  is  obtained.  It  is  aJso  met  with  as  carbonate, 
sulphate,  phosphate,  and  arseniate  of  oxide  of  lead.  The  galena 
is  roasted,  to  expel  the  sulphur  and  oxidise  the  lead,  and  the 
oxide  is  heated  with  charcoal  to  reduce  the  metal ;  indeed,  a 
good  deal  of  lead  is  obtained  by  heating  the  ore  alone  in  a 
reverberatory  furnace,  where  it  is  partly  converted  into  sulphate 
of  lead,  and  partly  into  oxide.  »>th  of  these  act  on  undecom- 
posed  sulphuret,  yielding  sulphurous  acid  and  metallic  lead : 
thns2PbO-f  PbS  =  S0,  +  Pb.:and,PbO,S0.-|-PbS=» 
8S0, +Pb,. 

Lead  has  a  blueish-grey  colour,  and  high  lustre,  but  soon 
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tamiahM.  Its  Sp.  G.  is  11*381.  It  is  malleable,  ductile,  soft, 
and  flexible,  but  of  inferior  tenacity.  It  melts  about  618*. 
When  heated  in  air  it  is  rapidly  oxidised,  and,  according  to  the 
heat,  3deld8  protoxide,  or  red  oxide,  llie  grey  matter  that 
forms  on  the  surface  of  melted  lead  is  a  mixtoie  of  metal  and 
protoxide. 

Lead,  when  exposed  to  the  action  of  air  and  moisture,  is 
rapi(Uy  corroded,  and  particularly  in  contact  with  j>ure  or  rain* 
water,  fonning  a  white  crust  of  carbonate,  which  is  highly 
poisonous.  Tne  oxygen  and  carbonic  add  are  absorbed  from 
tiie  air.  This  renders  lead  quite  improper  for  pipes  or  cisterns, 
where  rain-water,  or  very  soft  water,  is  to  be  kept  in  them ; 
but  Dr.  Christison  has  shown  that  lead  is  protected  by  the 
presence  of  a  ndnute  quantity  of  saline  matter,  particularly 
sulphates,  and  as  these  exist  in  hard-water,  or  even  in  such 
water  as  that  of  Edinbuigh,  in  sufficient  quantity,  lead  may  be 
safely  used  in  such  cases,  as  it  is  not  corroded,  the  surface 
becoming  covered  with  an  insoluble  film,  which  protects  the 
mass  of  the  metal. 

Lead  is  a  most  useful  metal,  not  only  in  itself,  but  as  an 
ingredient  in  pewter,  solder,  and  other  important  alloys. 

LBAO  AND  OXYOBN. 
B.  Protoxide  of  Lead.    PbOr=lll*618. 

Prepared  by  heating  lead  in  air  till  it  is  entirely  converted 
into  a  yellow  powder,  which  is  the  protoxide,  often  called 
massicot.  When  partially  fused,  as  in  the  process  of  cupell&- 
tion,  it  is  called  litharge^  It  is  a  heavy,  insoluble,  yellow^  or 
reddish  powder,  which  is  a  base,  and  forms  with  acids  the 
salts  of  lead,  which  are  generally  colourless,  and  have  a  sweet 
taste.  Their  solutions  give  with  potash  a  white  hydrate, 
soluble  in  excess ;  with  carbonates,  a  white  carbonate,  wluch 
is  the  paint,  white  lead ;  with  sulphates,  or  sulphuric  acid,  a 
white  msoluble  sulphate ;  with  iodide  of  potassium,  a  bright* 
yellow  iodide  of  lead;  with  sulphuretted  hydrofi;en,  a  dark-. 
brown,  nearly  black  sulphuret.  Lead  is  very  easily  recognised 
in  solution  by  the  combination  of  the  two  tests  of  sulphuric 
acid,  and  sulphuretted  hydrogen,  or  iodide  of  potassium  and 
sulpnuretted  hydrogen. 

b.  Sesquioxide  of  Lead.    Pb^  O.  =  231'2dd. 
Is  formed  when  solution  of  hypochlorite  of  soda  is  added  to 
piotoxide  of  lead  dissolved  in  caustic  sodia.    It  is  a  reddish- 
yellow  insoluble  powder,  resolved  by  acids  into  protoxide  and 
oxygen. 
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c  Peroxide  of  Lend.    Pb  02=119-626. 

Prepared  b^  acting  on  red  oxide  of  lead  (see  below)  with 
dilnte  nitric  acid,  which  dinolves  protoxide,  and  leaves  peroxide 
of  lead  as  a  poce-eolonred  insoluble  powder.  It  is  also  formed 
when  litharge  is  fused  with  chlorate  of  potash  at  as  low  a  heat 
as  possible ;  and  ^en  chlorine  is  passed  through  a  solution  of 
acetate  of  protoxide  (sugar  of  leM).  Here,  2  Pb  O  -h  CI  = 
Pb  CI  -h  PbO  ,  The  peroxide  jdclds  oxygen  when  heated, 
or  when  acted  on  by  acids,  which  combine  with  protoxide, 
liberating  oxygen. 

d.  Bed  Oxide  of  Leed.    Pb,  O^  =  842*852. 

This  wall-known  pigment  is  formed  when  lead  is  exposed  to 
a  current  of  air  at  600  or  700^.  It  is  formed  either  of  pro- 
toxide and  peroxide,  2  Pb  0  +  Pb  0,  ;  or  of  sesquioxide  and 
protoxide,  Pb,  0.  +  Pb  O.  Acids  resoWe  it  into  peroxide 
and  protoxide,  it  is  much  used  in  the  manufacture  of  flint 
glass,  to  give  brilliancy  and  fusibility  to  the  glass. 

Chloride  of  LekL    Pb  01  =  8902. 

Is  formed  when  hydrochloric  acid  or  a  soluble  chloride  is 
added  to  any  solution  of  a  salt  of  protoxide  of  lead.  H  CH  + 
Pb  O  =s  Pb  CI  +  H  0.  It  is  deposited  in  strong  solutions  as 
a  white  precipitate,  sparin^y  soluble  in  cold  water.  It  dissolves 
in  hot  water,  and  forms  white  needles  on  cooling.  It  is  fusible 
below  a  red-heat,  and  foims  on  cooling  a  homy  i 


Io<fide<^Leftd.    Pb  I  =  229-9. 

Formed  when  hydriodic  acid  or  a  soluble  iodide  is  added 
to  a  salt  of  protoxide  of  lead,  K I  +  Pb  O,  N  O^  =  Pb  I  -f 
K  0,  N  Of ,  It  fonns  a  bri^t-yeUow  ver^  spjanngly  soluble 
precipitate,  which  dissolves  in  hot  water,  forming  a  colourless 
solution ;  and,  on  cooling,  deposits  beautiful  yellow  six-sided 
tables  with  the  lustre  of  gold. 
'     Bromide  of  lead,  Pb  Br,  resembles  the  chloride, 

Snlplmiet  of  Lead.    Pb  S  =  1 197. 

This  is  the  native  compound  from  which  the  lead  of  c(»ameroe 
is  obtained.  It  is  grey,  and  has  a  high  metallic  lustre,  and  is 
often  found  beautifally  crystallised  in  cubes.  By  the  action  of 
filming  nitric  add,  it  is  entirely  c<mverted  into  sulphate  of  lead. 
Pb8-|-4N0,  =PbO,SO  -h4N0..  It  is  formed  by 
the  action  of  sulphuretted  hydrogen  on  the  salts  of  lead,  as  a 
black  powder. 
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Order  3. — Metals,  the  oxides  of  which  ars  reduced  to 
the  ifetaixic  state  bt  a  red-heat. 

48.    Mbkcurt.     Hg  =  202. 

This  metal  ia  distinguished  from  all  others  by  its  being  liquid 
at  ordinary  temperatures.  It  is  occasionally  found  in  the 
metallic  state ;  but  its  usual  ore  is  the  bisulphuret,  known  as 
cinnabar.  From  this  it  is  obtained  by  distilling  it  in  iron 
vessels  with  iron  filings. 

The  appearance  of  mercury  or  quicksilver  is  well  known. 
Its  Sp.  G.  is  13*545  at  47'' :  but  it  contracts  in  freezing ;  and 
as  a  solid,  its  Sp.  G.  is  15'612.  It  freezes  at  — 39%  and  boils 
about  eSO"".  When  heated  to  its  boiling  point  along  with  air, 
it  slowl3r  combines  with  oxygen,  forming  a  red  powder,  which 
is  peroxide  of  mercury,  the  os^dum  hyararffyri  rubnwt  per  te 
of  the  older  chemists.  At  a  somewhat  higher  temperature  the 
oxyffen  again  separates  from  the  metal.  The  uses  of  mercury 
for  oarometers,  thermometers,  mirrors,  &c.,  are  universally 
known. 

HERCURT  AZn>  OXYGEN. 

a.     Protoxide  of  Mercury.     Hg  0  =  210-01 3. 

To  prepare  it,  protochloride  of  mercury  (calomel)  ia  rapidly 
mixed  with  aqua  potassn  in  excess,  by  rubbing  in  a  mortar ; 
and  the  black  powder  formed  is  washed  with  cold  water  and 
dried  in  the  dark.  Hg  CI  -f  KO  =  K  01  +  Hg  0,  .  It  is  a 
black  or  dark  olive  powder,  which  is  easily  resolved  into 
peroxide  and  metal  O  2  Hg  0  s=  Hg  O,  +  Hg ;  and  hence  is 
difficult  to  keen.  It  is  a  feeble  base,  and  forms  with  acids 
crystallisable  salts,  such  as  the  acetate  and  nitrate.  Its  solu- 
tions are  precipitated  black  by  caustic  alkalies  ;  white  (calomel) 
by  hydrochlonc  acid,  or  a  soluble  chloride  ;  and  the  metal  is 
reduced  by  copper,  phosphorous  acid,  or  protochloride  of  tin. 

h.    Peroxide  of  Mercury.    Hg  O,  =  218-026. 

Is  formed,  as  above  mentioned,  by  the  combined  action  of 
heat  and  air  ;  but  much  more  readily  by  dissolving  mercury  in 
nitric  acid,  evaporating  to  dryness,  and  heating  the  d^  residue 
as  long  as  any  nitrous  acid  is  given  off.  The  neroxide  is  left 
in  the  form  of  a  crystalline  scaly  powder,  nearly  black  while 
hot,  but  of  a  light-red  when  cold.  In  this  form  it  is  often  called 
red  precijpitate,  a  n^ost  absurd  name,  as  it  has  not  been  prepared 
.by  precipitation,  and  when  precipitated  it  appeatg  as  a  yellow 
hy^te.    It  is  a  base,  and  forms  salts  with  acids^  wJiich  ai:B 
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apt  to  be  decomposed  by  hot  water^  yielding  insolable  yellow 
sab-salts  and  soluble  super-salts.  These  salts  give  a  yellow 
precipitate  with  caustic  potash,  a  white  with  ammonia^  and  a 
fine  scarlet  with  iodide  of  potassium ;  phosphorous  acid,  pro- 
tochloride  of  tin,  and  copper,  reduce  the  mercuiy  to  the 
metallic  state. 

Both  the  oxides  of  mercuiy,  in  their  solutions,  are  precipitated 
black  by  sulphuretted  hydrogen. 

MERCURT  AMD  CHLORIZfB. 

a.     Protochloride  of  Mercury,    fig  CI  =  237"42. 

Stn.  Calomel— Ocean  sparingly  as  horn  quicksilver  in  the 
mineral  kingdom.  May  be  prepared  either  by  subliming  a 
mixture  of  bichloride  of  mercury  and  mercury,  tig  CI  4-  Hgj 
which  yields  2  Hg  CI ;  or  by  adding  hydrocmoiic  acid  or  solu- 
tion of  common  salt  to  a  solution  of  protonitrate  of  mercuryi 
when  the  protochloride  is  j^recipitated.  Hg  0,  NO^  H-Na  Cl=s 
NaO,  NO.+HgCl.  It  is  a  heavy  white  volatile  powder, 
insoluble  in  water.  It  is  blackened  by  alkalies.  When  first 
prmred,  it  is  always  contaminated  with  coirosive  sublimate, 
and  must  be  weU  washed  with  hot  water  before  it  is  used  as  ji 
medicine. 

b.    Bichloride  of  Meitnuy.     Hg  CI,  =  272*84.  j 

Snr.  Corrosive  Sublimate. — This  compound  is  formed  when 
mercoiy  is  heated  so  as  to  bum  in  chlorine  gas.  It  is  prepare^ 
by  subliming  a  mixture  of  bisulphate  of  peroxide  of  mercuiy 
with  common  salt.  Hg  0„  2  S  0,  -|-  2  Na  CI  =  2  (Na  0^ 
8  O J  )  +  H{^  CI, .  Or  it  may  be  formed  by  dissolving  peroxidi^ 
of  mercuiy  in  hydrochloric  acid,  when  it  is  deposited  in  ciystals^ 
It  IB  a  heavy,  translucent,  crystalline,  volatile  solid,  soluble  in 
20  parts  of  cold  water,  and  m  two  parts  of  hot  water*  It  has 
a  very  disagreeable  acrid,  metallic  taste,  and  is  veiy  poisonous* 
Its  solution  gives,  with  fixed  alkalies,  a  yellow  precipitate  of 
hydrated  peroxide ;  with  ammonia,  a  white  insoluble  powder^ 
called  wmte  precipitate ;  with  sulphuretted  hydrogen,  first  a 
white,  and  when  the  test  is  added  in  excess,  a  black  precipitate 
of  solphuiet ;  with  iodide  of  potassium,  a  scarlet  precipitate  of 
perio<&de ;  and  with  protochloride  of  tin,  a  grey  powder  of 
mnmng  mercury. 

The  proper  antidote  to  conrosiye  sublimate,  as  a  noison^  is 
albumen  or  white  of  egg,  which  forms  with  it  an  insoluble  and 
inert  compound* 
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MBR0VR7  AND  lODINB. 

a.  Protoiodide  of  Merciury.    Hg  I  =  S28*S. 

This  compoTind  is  formed  when  iodine  and  mercuiy  are 
rnbbed  to^tneT  in  tiie  proper  proportions,  with  a  little  alcohol, 
which  facilitates  Uie  combination ;  or  when  iodide  of  potassium 
is  added  to  solutions  of  protoxide  of  mercoiy  $  Hg  0  +  K I  ?:= 
K  0  -h  Hg  I.  It  is  a  greenish-yellow,  hea^y  insoTuble  powder, 
which  majr  be  snblim^  ;  but  is  apt  to  be  decomposed  bjrheat, 
and  especially  by  light,  into  nwtallic  mercuiy  and  penodide, 
2  Hg  I  =  Hg  I,  +  Hg. 

b,  Biniodide  of  Mercory.    Hg  Ig  =  454*$. 

Byjk.  Periodide  of  Mereury~-U  obtained  by  rabbin^  to- 

gsther  iodine  and  mercoiy  in  the  proper  proportions,  with  a 
ttie  alcohol,  and  subliming ;  or  by  adding  iodide  of  potassium 
to  a  solution  of  corrosiTe  sublimate.  Hg  Cl^  +  2  K  I  = 
2  K  CI  +  He  I,.  It  is  an  insoluble  powder,  of  the  moet 
brilliant  scanet  colour^  superior  to  that  of  yermilion^  and 
equal  to  that  of  certam  flowers,  such  as  lobelia  eoixbmdit, 
Bolvia  ^plmdoMy  and  certain  varieties  of  pda/rgonium :  but 
unfortunately  it  loses  part  of  its  brilliancy  when  exposed  to 
light  under  certain  circumstances.  Although  insoluble  in 
water,  it  dissolves  easily  in  an  excess  of  ttther  of  its  precipi- 
tants ;  a  hot  solution  of  nitrate  of  peroxide  of  mercunr  dussolves 
it,  and  on  cooling,  deposits  it  in  Mautifnl  red  ciystals. 

The  biniodide,  when  heated,  undeigoes  a  remarkable  change : 
the  red  powder,  which  has  an  earthy  aspect,  passing  into  ]rellow 
crystals  ;  and  when  further  heated,  melting  and  subliming  in 
large  yeUow  rhombic  tables.  Either  these,  or  the  yellow 
ciystalline  powder  first  mentioned,  sometimes  retain  their 
yellow  colour  pretty  long ;  but  agitation,  or  friction,  or  the 
mere  touch  of  a  sharp  point,  at  once  causes  them  to  become 
red,  beginning  at  a  point  or  points,  and  gradually  changing 
throughout  the  mass.  This  is  the  result  entirely  of  a  new 
molecular  arrangement;  for  the  compositicm  of  the  red  and 
yellow  iodide  is  precisely  the  same. 
The  bromides  of  mercuiy  are  very  similar  to  the  chlorides. 

MXROURT  AND  SULPHUR. 

a.    Prototolphnret  of  Mercuiy.    Hg  8  =  2181. 

Formed  by  the  action  of  sulphuretted  hydroesn  on  diluted 
protonitrate  of  mercury.  It  is  a  black  powder  which,  by 
neat,  is  resolved  into  metallic  mercuiy  and  bisnlphntet. 
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b.    Blsulphaiet  of  Mercniy.    Hg  Sg  =  234*2, 

Occurs  natnially,  as  cinnabar,  and  is  the  chief  ore  of  mer- 
CHIT*  Is  formed  bv  fusing;  sulphur  with  6  parts  of  mercniy, 
ana  sabliming ;  or  ij  poanng  a  solution  of  corrosive  sublimate 
into  an  excess  of  hydrosulphuret  of  ammonisi  when  a  blade 
powder  falls^  which  is  to  be  dried  and  sublimed.  When  sub- 
umedy  the  bisulphuret  fonns  a  dark-red  crystalline  mass,  called 
cinnabar,  which,  when  finely  powdered,  acquires  a  very  fine 
red  colour,  and  becomes  yermilion. 

The  black  powder  obtained  by  triturating  together  ec^ual 
parts  of  mercury  and  sulphur,  and  long  known  as  Ethiops 
mineral,  is  a  mixture  of  suQ>hur  with  bisulphuret.  It  is  to  be 
observed,  that  the  bisulphuret,  like  the  biniodide.  exists  in  two 
states,  being  sometimes  black,  and  sometimes  rea. 

49«    SiLTSB.    Ag  =  108*31. 

This  beautiful  and  useful  metal  is  found  in  the  metallic 
state;  also,  as  chloride  and  as  sulphuret.  It  occurs  also 
alloyed  with  gold,  tellurium,  antimony,  copper,  and  arsenic. 
Almost  all  varieties  of  galena  (the  ore  of  lead)  contain  a  small 
proportion  of  sulphuret  of  silver ;  and  in  many  places,  it  is 
found  worth  while  to  extract  this  silver  from  the  lead  smelted 
from  the  ore.  The  separation  of  lead  from  silver  is  effected  by 
enpellation  ;  that  is,  by  heating  the  allo^  in  a  current  of  air^ 
when  the  lead  is  oxidised,  and  the  oxide  is  either  absorbed  by 
the  cupel  or  porous  cup  ;  or,  on  the  large  scale,  is  raked  away 
to  the  side,  while  the  silver  remains  as  a  oright  metallic 
globule,  or  button.  From  the  ore  ia  which  silver  occurs  as 
metal,  it  is  extracted  by  amalgamation  with  mercury ;  and  the 
amalgam  being  distilled,  leaves  pare  silver. 

Wnen  the  proportion  of  silver  in  lead  is  very  small,  it  may 
be  still  rendered  available  by  melting  the  lead,  and  allowing 
it  to  crystallise ;  the  crvstals  which  form  are  pure  lead,  and  as 
these  are  separated,  the  silver  gradually  accumulates  in  the 
fluid  portion.  This  at  last  comes  to  he  very  rich  in  silver, 
and  is  cupelled  apart  to  obtain  the  latter  metaL 

Silver  has  a  fine  white  colour  and  high  lustre.  It  is  highly 
malleable  and  ductile,  and,  when  pure,  is  a  soft  metal.  Its 
Sp.  O.  is  10*5 ;  it  melts  at  a  full  red-heat,  and  when  melted  in 
open  vessels,  it  absorbs  a  considerable  quantity  of  oxy^, 
without  apparently  combining  with  it ;  and  on  consolidating, 
gives  out  the  whole,  causing  the  metal  to  assume  a  beautiful 
Srosted  aspect  The  uses  of  sQver  are  quite  funiliar.  For 
the  purpose  of  making  coinage,  or  silver  plate,  it  is  alloyed  in 
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this  country  with  rather  less  than  -iV  of  copper,  which  renders 
it  much  harder  and  fitter  for  wear. 

When  silver,  as  commonly  happens,  has  heen  alloyed  with 
copper,  it  is  purified  in  several  ways.  1.  By  dissolving  the 
alloy  in  nitric  acid,  and  adding  common  salt,  which  throws 
down  the  silver  as  chloride;  and  from  this  the  metal  is 
separated  (see  below),  2.  By  dissolving  the  alloy  in  oil  of 
vitriol,  with  the  aid  of  heat,  and  acting  on  the  hot  solution 
with  metallic  copper,  which  precipitates  the  silver  as  metal, 
the  copper  taking  its  place  in  the  solution.  In  both  processes, 
the  small  quantity  of  gold  usually  present  in  commercial 
silver,  is  len  by  the  acid  as  a  black  powder,  when  the  silver 
and  copper  are  dissolved  ;  and  its  extraction  generally  covers 
the  whole  expense  of  the  purification  of  the  silver,  leaving, 
besides,  a  profit  to  the  purifier. 

Ozide  of  Silver.     Ag  O  =  1 16-323. 

This,  the  only  oxide  of  silver,  is  obtained  by  dissolving 
silver  in  nitric  acid,  and  adding  caustic  potash,  when  the 
oxide  is  precipitated  as  a  brown  powder.  It  may  also  be 
formed  by  boiling  the  moist,  recently-prepared  chloride  with 
vjery  strong  potash,  when  it  appears  as  a  very  dense  pure  black 
powder.  It  is  a  base,  and  neutralises  all  acids,  forming  salts, 
most  of  which  are  insoluble,  or  mMudngly  soluble.  The  oxide 
is  reduced  to  the  metallic  state  by  a  red-heat.  Its  solutions 
are  easily  recognised.  They  give,  with  caustic  fixed  alkalies, 
a  brown  precipitate;  with  ammonia,  a  similar  one,  soluble 
in  the  slightest  excess ;  with  hydrochloric  acid,  or  any  .soluble 
chloride,  the  white  curdy  precipitate  of  chloride  of  silver^ 
insoluble  in  water  and  acioB,  but  soluble  in  ammonia ;  and 
with  sulphuretted  hydrogen,  a  dark-brown,  nearly  black 
precipitate  of  sulphuret.  Silver  and  all  its  compounds  are 
very  sensitive  to  sulphuretted  hydrogen,  which  blackens  them. 
Most  of  the  compounds  of  oxide  of  silver  are  very  soluble 
in  ammonia ;  and  all  the  compounds  of  silver  are  darkened  by 
the  action  of  light,  a  property  which  has  lately  been  applied 
to  useful  purposes  in  the  i>agnerreotype,  Galotype,  and  other 
photograpnic  methods*  Oxide  of  silver  is  reduced  to  the- 
metamc  state  from  its  solutions  by  copper,  zinc,  and  several 
other  metals.  When  mercury  is  used,  there  is  formed  a 
beautiful  arborescent  ciystallisation  of  an  alloy  of  silver  and 
mercury,  called  Arbor  IHanss. 

When  precipitated  oxide  of  silver  is  acted  on  by  ammonia, 
a  dark  powder  is  formed,  which  fulminates  violently  when 
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heated,  or  by  firiction.    Its  composition  is  not  exactljr  known ; 
bnt  it  probably  contains  a  compound  of  silyer  with  nitrogen. 

Chloride  of  SUvw.    Ag  CI  =  148-78. 

Is  found  in  the  mineral  kingdom  as  horn  silver;  and  is 
formed  when^er  oxide  of  silver  comes  in  contact  with 
chlorine,  hydrochloric  acid,  or  a  soluble  chloride.  Ag  +  OH 
CI  (or  M  Cl)=Ag  01  H-  HO  ([or  MO).  It  then  forms  a  heav^ 
white  curdy  precipitate,  quite  insoluble  in  water  and  acids^ 
but  soluble  in  ammonia.  Hence,  a  solution  of  silver  is  a 
most  delicate  test  for  hydrochloric  add,  or  chlorides.  The 
chloride  melts  at  a  heat  below  600°,  and,  on  cooling,  forms 
&  translucent  homy  mass.  The  frei^y  precipitated  chloride 
is  veiy  sensitive  to  light,  and  this  is  the  foundation  of  Talbot's 
Calotype. 

To  reduce  the  chloride  io  the  metallic  stale,  sevend  me- 
thods Jure  followed.  1.  It  is  covered  with  water  acidulated 
with  hydrochloric  acid,  and  a  rod  of  zinc  is  introduced,  which 
gradually  reduces  the  -whole  mass  of  chloride.  Ae  CI  +  Zn  = 
Ag  H-  2n  01.  The  silver  is  digested  in  dilute  nydrochloric 
acid,  washed,  dried,  and  fused.  2.  The  dried  chloride  is 
fosed  with  carbonate  of  potash;  when  carbonic  acid  and 
oxygen  are  given  off,  chloride  of  potassium  is  formed,  and 
metollic  silver  collects  as  a  button  in  the  bottom  of  the 
crucible.  In  this  process,  the  effervescence  is  troublesome : 
and  if  the  heat  be  not  high  enough,  the  silver  remains  disse* 
minated  in  the  mass;  while,  if  the  heat  be  too  high,  the 
crucible  is  corroded,  and  the  silver  flows  into  the  fire.  Hence 
this  process,  idtbough  it  succeeds  in  experienced  hands,  is 
very  apt  to  mil  in  those  of  banners,  for  which  reason  I  faiaver 
proposed  the  following.  3.  The  freshly  precipitated  chloride, 
while  still  moist,  is  boiled  with  very  strong  caustic  potash, 
till  it  is  converted  into  black  oxide  of  silver  entirely,  or  in 
great  part.  The  oxide  is  then  heated'  with  a  little  pearlash 
and  lx>rax,  and  yields  a  button  without  any  risk  of  failure. 
The  oxide  thus  prepared,  answers  admirably  for  making  pxfre 
nitirate  of  silver,  as  diluted  nitric  acid  dissolves  it  instantly, 
leaving  undissolved  any  undecomposed  chloride.  The  action 
of  the  potash  in  the  two  last  processes  is  veiy  simple :  Ag  01 
H-KO  =  KCl+AgO. 

Iodide  of  Sflver.     Ag  I  =  234*88. 
Formed  under  the  same  circumstances  as  chloride  of  silver,^ 
-whidi  it  resembles.     It  is  a  yellowish-white  insoluble  pow- 
der, insoluble  in  water,  and  nearly  so  in  ammonia,     it  is 
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veiy  sensitrre  to  Hght,  and  a  film  of  iodide  of  tSLm  is  the 
saMtance  which  receives  the  impressions  in  the  sUver  plain 
of  the  Dagaerr^type, 
The  bromide  of  nlver  is  yeiy  similar  to  the  chloride. 

SulpKuret  of  Saver.    Ag  S  =  124'4S. 

OociuB  as  a  mineral,  silver  glance,  and  is  foimed  by  the 
action  of  snlphoretted  hydrogen  on  oxide  of  silver,  or  indeed  on 
silver  itself,  or  any  compound  of  it  whatever.  Polished  silver 
is  instantly  tamined  by  the  minutest  trace  of  sulphuretted 
hydrogen,  so  that  coal-gas,  which  contains  a  mere  trace  of 
that  gaiL  cannot  be  used  in  silversmiths'  diops.  It  would 
appear  tnat  the  affinity  of  silver  for  sulphur  is  veiy  poweifal. 

50.  €k>u>.     Aa=  199*2. 

This  metal  is  found  native,  either  pure,  or  alloyed  with 
silver  and  tellurium.  When  combined  with  silver,  it  is 
purified  by  quartation ;  that  is,  by  fusing  it  with  so  much 
silver,  that  the  gold  does  not  exceed  one-fourth  of  the  maas, 
and  then  acting  on  the  alloy  by  nitric  add,'  which  dissolves 
the  silver,  and  leaves  the  gold  as  a  black  or  brown  pow- 
der, which,  when  fased,  assumes  the  peculiar  yellow  colour 
oi  gold. 

Gold  is  distinguished  by  its  pure  yellow  colour,  high  me- 
tallic lustre,  and  great  density.  Its  &p,  G.  is  10*3.  It  is  the 
most  ductile  and  malleable  of  all  metals;  and  it  melts  in 
a  strong  red  or  white  heat.  From  its  feeble  affinities,  ^Id 
does  not  readily  tarnish,  and  may  be  heated  for  any  time 
without  change,  except  when  it  is  exposed  to  a  strong  electric 
s^k,  when  it  bums  with  a  men  light  No  single  add 
dissolves  it;  but  it  is  easily  dissolved  by  chlorine  and  by 
nitro-hydrochlorie  add,  or  aqua  regia,  duorine  being  appa- 
rently the  solvent  in  both  < 


GOLD  AND  OXTOBN. 

The  oxides  of  gold  can  only  be  obtained  by  indirect  means. 
A.  Protoxide  of  Gold.     Aa  O  =  207*21 3. 

Formed  by  the  action  of  cold  potash  on  protochloride  of 
^Id.  It  forms  a  green  precipitate,  which  is  soon  resolved 
into  peroxide  and  metallic  gold. 

b.  Peroxide  of  Gold.    An  0^  =  223-239. 

Obtained  by  adding  carbonate  of  potash  to  a  neutral  solu- 
tion of  percluoride  of  gold,  as  a  brownish-yellow  hydrate. 
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which  at  212°  loses  its  water  and  becomes  black.  It  is  a 
very  feeble  base,  having  a^jparentlv  a  tendency  to  combine 
witn  bases  rather  than  with  acids.  When  acted  on  by 
ammonia  it  yields  fulminating  ^Id,  a  very  dangerous  com- 
pound,  which  probably,  like  fulminating  silver,  contains  a  com- 
pound of  gold  with  mtrogen.  A  binoxide  of  gold,  Au  O.,  is 
supposed  to  exist,  and  to  be  formed  as  a  purple  powder  wnen 
gold  iB  burned  by  the  electric  spark. 

GOLD  AND  OHIiOBINB, 

a.  Protocfaloride  of  Gold.    An  CI  =  284*67. 

Formed  hy  exposing  the  perchloride  to  a  heat  of  600**.  It 
is  a  yellow  insoluble  powder,  which  bv  boiling  in  water 
ia  changed  into  metalhc  gold  and  perchloride.  3  Au  CI  = 
Au,  +  Au  CI3. 

b.  PeKhloride  of  Gold.    Au  CI,  =  305*61. 

This,  the  usual  form  in  which  gold  is  dissolved,  is  formed 
when  gold  is  acted  upon  by  aqua  regia  or  by  chlorine.  It 
forms,  when  evaporated  sufficiently,  ruby-red  crystals,  which 
are  deliquescent.  The  solution  is  yellow.  It  is  reduced  to 
the  metallic  state  by  many  deoxidismg  agents,  such  as  proto- 
snlphate  of  iron,  formic  acid  and  formiates,  &c.  &c. ;  and 
when  the  reduction  takes  place  in  a  diluted  solution,  the 
metallic  gold  appears  as  a  blue  powder  as  lon£  as  it  is  sus- 
pended in  the  hquid.  Deoxidising  agents  prooably  act  by 
decomposing  water,  the  hydrogen  of  which'  deprives  the  gold 
of  chlorine.  Chloride  of  gold  is  also  reduced  directly  by  the 
action  of  hydrogen,  phosphuretted  hydrogen,  and  metals. 
When  heateid  it  is  first  reduced  to  protochloride  and  after- 
wards to  metallic  gold. 

When  solution  of  protochloride  or  sesquichloride  of  tin  is 
added  to  solution  of  gold,  a  purple  precipitate  is  formed,  long 
known  as  the  purple  of  Cassius,  and  used  for  staining  glass. 
Its  composition  is  not  known  with  certainty,  but  it  contains 
gold,  tin,  and  oxygen. 

The  iodides  of  gold  are  in  composition  analogous  to  the 
chlorides.  The  sulphuret,  formed  by  the  action  of  sulphuretted 
hydrogen  on  the  perchloride,  is  a  black  powder,  supposed  to  be 
a  tersulphuret,  Au  S^. 

61.  PLATiHnif.    Pt  =  98'84. 

This  metal,  like  gold,  is  found  in  the  metallic  state,  but 
always  alloyed  with  other  metals,  and  generally  mixed,  as  the 
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ore  of  platinnm,  in  tlie  form  of  sand,  with  gold,  silver,  and 
other  minends  in  small  |proportion.  The  purification  of  plati- 
num is  a  tedious  operation,  too  difficult  to  be  described  here 
in  a  few  words.  But  the  essential  parts  of  the  process  are  the 
dissolving  the  platinum  ore  in  aqua  regia ;  the  precipitating  the 
platinum  as  a  double  chloride  of  ammonium  and  platinum;  and 
the  igniting  of  this  salt,  which  leaves  pure  platinum  in  a  spongy 
state,  containing,  perh&ps,  a  trace  of  iridium.  The  double 
chloride  may  also  be  reduced  by  the  action  of  zinc  and  diluted 
sulphuric  acid,  when  the  platinum  is  obtained  as  a  dense  black 
powder.  Spongy  platinum  is.  rendered  malleable  bv  being  first 
exposed  to  powertul  pressure,  and  then  heated  and  hammered 
till  it  is  rendered  dense  and  workable.  Or  it  ma^  be  fused 
before  the  oxyhydrogen  blowpipe,  being  quite  infusible  in  the 
furnace. 

Pure  platinum  resembles  silver,  but  is  not  so  white.  liA 
density  is  about  21*5,  and  it  is  both  malleable  and  ductile, 
particularly  the  latter.  It  is  not  melted  by  any  furnace-heat, 
nor  acted  on  by  air  and  heat  together;  hence  its  extreme  utility, 
to  the  chemist.  When  ignited  with  caustic  alkalies,  however, 
it  is  oxidised  and  corroded  ;  and  care  should  be  taken  never  to 
heat  any  metal  in  vessels  of  platinum,  as  it  readily  forms  allojrs, 
and  is  much  injured  in  consequence.  The  proper  solvent  of 
platinum  is  chlorine  or  aqua  regia,  but  it  dissolves  less  easily 
than  gold. 

One  of  the  most  important  properties  of  platinum  is  its  power 
of  causing  gases  to  enter  into  combination.  When  a  current  of 
hydrogen  gas  falls  on  spongy  platinum  or  platinum  powder 
in  the  air,  combination  between  hydrogen  and  oxygen  takes 
place  at  the  surface  of  the  platinum,  and  the  heat  developed  is- 
sufficient  to  make  the  metal  red>hot.  The  red-hot  metal,  then 
acting  like  any  other  red-hot  body,  sets  fire  to  the  hydrogen. 
This  power  is  present  even  in  solid  polished  platinum ;  for  if  a 
perfectly  clean  plate  of  platinum  be  introduced  into  a  mixture 
of  oxygen  and  hydrogen,  it  will  cause  them  to  combine,  and 
may,  b^  becoming  red-hot,  even  produce  explosion.  But  the 
power  is  seen  in  greatest  perfection  in  the  black  powder  of 
platinum ;  and  Dobereiner  has  shown  that  this  powder  con- 
tains within  its  pores  about  250  times  its  volume  of  oxygen, 
which,  as  the  pores  do  not  exceed  i  of  the  powder,  must 
occupy  no  more  than  -nnnr  o^  its  bulk  as  gas,  and  must  be 
denser  than  water.  This  explains  the  action  on  hydrogen.  In 
the  case  of  the  polished  metal  it  is  supposed  that  the  particles 
of  the  gases,  which  repel  each  other,  axe  attracted  by  the  metal, 
and  consequently,  on  its  surface,  come  within  the  sphere  of 
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affinity.  The  powder  of  platinum,  hj  virtue  of  the  oxygen  in 
its  pores,  lamdlj  oxidises  the  vapour  of  alcohol  into  acetic  acid, 
&c. ;  and  the  smallest  portion  of  this  powder  introduced  into  a 
mixture  of  oxygen  and  hydrogen  causes  instantaneous  explosion. 

oxn>ES  or  platinum. 

Platinum  appears  to  form  a  green  protoxide,  Pt  0,  and  a  rust* 
coloured  binoxide,  Pt  0„  which,  when  anhydrous,  is  nearly 
black ;  but  these  compounds  are  even  more  prone  to  chanffe 
than  the  oxides  of  gold,  and  the  binoxide  is  hardly  to  be 
obtained  pure,  owing  to  its  tendency  to  combine  with  the 
alkalies  used  to  precipitate  it.  Both  oxides  are  prepared  from 
the  chlorides. 

PLATINUM  AMD  CHLORINB. 
a.  Protochloride  of  Platinum.     Pt  CI  =  1 34*31 . 

Prepared  by  heating  the  bichloride  to  450°,  when  the  proto> 
chloride  is  left  as  a  greenish-grejr  insoluble  powder.  This 
chloride  enters  into  combination  with  ammonia,  and  the  com- 
pound, under  certain  circumstances,  dves  rise  to  several  very 
remarkable  organic  or  quasi-organic  bases,  of  which  platinum 
is  an  element. 

^  b.  Bichloride  of  Platinum. 

This,  the  usual  soluble  salt  of  platinum,  is  best  made  by  dis- 
solving spongy  platinum  in  aoua  regia,  and  gently  evaporating 
to  the  consistence  of  sviup,  when,  on  cooling,  the  whole  forms 
a  crystalline  brownish-yellow  mass,  very  soluble  in  water. 
The  solution  of  platinum  is  characterised  by  yielding  metallic 
platinum  as  a  black  powder  when  acted  on  by  zinc  and  diluted 
sulphuric  acid ;  ana  bv  giving  with  salts  of  potash  and  of 
ammonia  a  sparingly  soluble  yellow  double  chloride,  which  is 
also  reduced  by  zinc  and  sulphuric  acid. 

The  iodides  and  sulphurets  of  platinum  correspond  in  com-* 
position  to  the  chlorides,  but  are  of  no  practical  interest.  The 
iodides  are  very  dark-coloured,  so  that  tne  addition  of  iodide  of 
potassium  to  a  solution  of  platinum  produces  a  very  intense 
reddish-brown  colour,  gradually  becommg  nearly  black. 

52.  Iridium.     Ir=:  98-84. 

This  is  one  of  the  metals  which  accompanies  platinum.    It 

occurs  combined  with  osmium,  alloyed  with  a  lar^e  proportion 

of  platinum,  and  occasionally  nearly  pure,  but  still  containing 

platinum.  Specimens  have  been  found  of  Sp.  G.  23  to  26,  indi- 
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eating  that  iridiam  is  the  lieaTiest  of  all  metala.  It  is  also  the 
most  infusible,  the  hardest,  and  that  which  resists  best  the 
action  of  acids«  These  latter  properties  would  render  it  most 
valuable  if  it  could  be  wrought,  but  as  yet  it  has  proved 
refractory.  It  is  remarkably  analogous  to  platinum,  from 
which  it  chiefly  differs  in  the  darker  colour  of  its  choiide, 
and  of  the  double  chlorides  which  it  forms  with  potassium  and 
ammonium.  The  latter  occurs  in  venr  dark-red  octohedral 
crystals,  nearly  black,  which,  when  heated,  leave  metallic 
iridium,  very  smular  to  spongy  platinum,  and  acting  in  the 
same  way  on  hydrogen. 

Iridium  forms  4  oxides  and  4  chlorides,  which  are  little 
known.  They  have  different  colours ;  hence  the  name  iridium, 
from  iris,  the  rainbow.  The  oxides  are  Ir  0,  Ir,  0„  Ir  0„  and 
Ir  O,,  and  the  chlorides  correspond  to  them. 

53.  Osmium.    Ofl  =  99*72. 

This  metal  is  found  associated  with  iridium,  constituting  a 
small  part  of  the  ore  of  platinum,  which  is  insoluble  in  aqua 
regia.  When  this  residue  is  acted  on  at  a  red-heat,  by  nitre, 
both  the  metals  are  oxidised,  and  the  mass  being  distilled  with 
sulphuric  acid,  yields  osmic  acid,  Os  0^,  which  condenses  in 
fusible  crystals.  From  the  acid,  the  metal  may  be  obtained 
by  the  action  of  reducing  agents,  as  a  black  powder,  which 
becomes  metallic  hj  friction. 

Osmium  is  very  infusible,  and  when  it  has  been  ignited  in 
close  vessels,  may  be  heated  in  air  without  oxidation.  It  is 
chiefly  remarkable  for  forming  with  oxygen  a  volatile  acid, 
which  has  a  pungent  smell,  like  that  of  chlorine,  and  is  very 
poisonous.  It  forms,  altogether,  6  oxides,  OsO,  Os,  0„ 
OsO,,  Os  O3  and  OsO^  ;  4  chlorides,  and  4  sulphuiets,  cor- 
responding to  the  4  first  oxides. 

Klaus  has  lately  discovered,  in  the  residue  of  platinum  ore, 
Mong  with  iridium  and  osmium,  a  new  metal,  which,  from  the 
red  colour  of  its  compounds,  he  calls  ruthenium.  It  appears  to 
be  analogous  to  iridium,  but  has  been  hitherto  little  examined. 

54.  Palladium.    Pd  =  53*3, 

This  metal  is  also  one  of  those  which  occur  in  small  quantity 
in  the  ore  of  platinum.  It  has  lately  been  found  rather  more 
abundantly,  alloyed  with  gold  and  silver.  When  the  ore  of  pla- 
tinum has  been  dissolved,  and  the  solution  rendered  neutral  by 
evaporation  to  dryness  and  resolution  in  water,  a  solution  of 
bicyanide  of  mercury  causes  a  flocculent,  greyish-ydlow  pre- 
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cipitate  of  cyanide  of  palladium.  When  this  is  ignited^  the 
palladiiim  is  left.  It  is  rather  more  fusible  than  platinum, 
which  it  resembles  in  colour,  lustre,  and  malleability,  but  is 
rather  harder.  Its  So.  G.  is  11*3  to  11*8.  From  its  not  tar-* 
nishing,  it  is  a  valuable  metal,  and  would  be  applied  to  many 
nseful  purposes,  if  it  were  less  scarce.  It  is  <miefly  used  by 
dentists  in  plates,  as  a  substitute  for  gold.  It  is  dissolved  by 
nitric  add,  but  more  easily  by  aqua  r^a. 

^  Palladium  forms  two  oxides :  the  protoxide  Pd  0,  and  the 
binoxide,  PdO,,  both  of  which  are  black  when  anhydrous, 
and  brown  or  yellow  when  hvdrated.  The  binoxide  forms  fine 
led  salts,  with  acids,  from  which  the  palladium  is  precipitated, 
as  metal,  by  other  metals,  and  by  deoxidising  agents  in  eeneral. 

There  are  two  corresponding  chlorides,  a  black  protocnloride, 
Pd  CI,  and  a  dark  brown  bichloride,  Pd  CI , .  The  former  yields 
with  chloride  of  potassium  a  yellow  double  chloride,  the  latter  a 
red  one. 

The  protosulphuret  of  palladium,  Pd  8,  is  easily  formed  by 
heating  the  metal  with  sulphur.  It  is  a  brittle  fusible  grey 
solid. 

55.  Rhodium.    R=:52*2. 

This  metal  is  also  found,  in  small  proportion,  in  the  ore  of 
platinum.  It  is  separated  from  platinum,  when  both  are  in  the 
state  of  chloride,  by  adding  chlonde  of  sodium,  with  which  botil 
the  chlorides  form  double  salts,  of  which  the  platinum  salt  is 
soluble,  the  rhodium  salt  insoluble,  in  ^cohol.  When  purified, 
the  rhodium  salt  is  dissolved  in  water,  and  the  rhodium  preci- 
pitated by  metallic  zinc.  It  ai>pears  as  a  black  powder,  which 
may  be  fused  in  a  powerful  wind  furnace,  and  is  then  white 
ana  metallic,  very  hard,  brittle,  and  of  Sp.  G.  11. 

Rhodium  is  biardly  dissolved  by  any  acids,  unless  when 
alloyed  with  other  met^.  The  best  method  of  dissolving  it  is 
to  fuse  it  with  bisulphate  of  potash,  when  it  forms  a  soluble 
double  salt.  Rhodium,  from  its  great  hardness,  has  been  used 
to  form  the  tips  of  metallic  pens,  which  are  said  to  last  won- 
derfully. 

It  forms  two  oxides ;  a  protoxide,  and  a  sesqnioxide,  R,  0^  i 
and  probably  two  corresponding  chlorides.  The  solution  of 
the  sesquichloride  is  of  a  fine  red  colour,  and  most  of  the  salts 
of  rhodium  are  either  red  or  yellow. 

The  sulphuret  of  rhodium  is  bluish-grey,  metallic,  and 
frudble  at  a  white-heat. 
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ALLOTS. 

The  compounds  of  metals  with  metals  are  called  alloys,  and 
many  of  them  are  extremely  nsefal  and  important.  The  alloys 
into  which  mercuiy  enters,  as  a  component  part,  are  called 

Fine  solder  is  an  alloy  of  two  parts  of  tin  and  one  of  lead. 
It  melts  at  360^.  Coarse  solder,  which  melts  at  600°,  con- 
tains one  part  of  tin  and  three  of  lead.  Hard  solder,  for  copper, 
is  a  compound  of  copper  and  zinc,  the  latter  metal  heing  in 
excess. 

Pewter  is  composed  of  tin,  with  a  little  antimony,  copper^ 
and  bismuth  ;  the  inferior  kinds  contain  a  good  deal  of  lead. 

Newton's  fusible  metal  is  composed  of  8  parts  of  bismnth, 
6  of  lead,  and  3  of  tin.    It  melts  below  212°. 

T3rpe  metal  is  an  alloy  of  3  parts  of  lead,  and  I  of  antimony. 

Bronze  is  composed  of  about  90  parts  of  copper  to  10  of  tin ; 
bell-metal  and  gong-metal,  of  80  parts  of  copper  to  20  of  tin. 
Speculum  metal,  for  telescopes,  is  formed  of  2  parts  of  copper 
and  1  of  tin,  with  a  little  arsenic. 

Brass  is  an  aUoy  of  copper  and  zinc ;  the  best  contains 
4  parts  of  copper  and  1  of  zinc  ;  and  when  the  proportion  of 
zinc  is  increased,  we  have  tombac,  Dutch  gold,  and  pmchbeck. 

Tutenague,  or  white  copper,  as  it  is  called  in  China,  or 
German  silver,  as  it  is  now  called  in  Europe,  is  an  alloy  of 
copper,  zinc,  and  nickel ;  the  finer  kinds  containing  most  nickel. 

Steel  appears  to  form  valuable  alloys  with  a  very  small  pro- 
portion of  some  other  metals.  With  a  little  siUcon  and  alumi- 
num, it  3rields  a  metal  equal  to  the  Indianwootz ;  and  with 
small  quantities  of  silver,  platinum,  rhodium,  palladium,  and 
even  iridium  and  osmium,  alloys  of  prodigious  hardness  and 
toughness  are  obtained.  ^  part  of  silver  is  sufficient  to  effect 
a  marked  improvement. 

Standard  silver,  and  standard  gold,  are  alloys,  with  from  -x^^ 
to  iV  of  copper,  which  much  increases  the  hardness  of  these 
metals,  without  injuring  their  colour. 

An  amalgam  of  tin  is  used  for  silvering  the  backs  of  mirrors ; 
and  an  amalgam  of  4  of  mercuiy,  2  of  bismuth,  1  of  lead,  and 
1  of  tin,  is  used  for  silvering  the  inside  of  hollow  glass  globes. 

The  amalgam  used  for  exciting  electrical  machines  is  fonned 
of  1  part  of  zinc,  1  of  tin,  and  2  of  mercury. 

The  tendency  of  mercury  to  combine  with  gold  and  silver  is 
made  use  of  in  extracting  these  metals,  from  their  ores.  An 
amalgam  of  1  part  of  gold;  and  8  of  mercuiy,  is  used  in  gilding 
brass. 


SALTS.  231 

It  18  probable  thai  the  best  Blloyn  are  those  which  contain 
atomic  proportions  of  tHeir  ingredients ;  but  this  subject  has 
be^  as  yet  little  studied.  Alloys  are  always  more  fusible  than 
their  least  fusible  ingredient,  and  they  are  commonly  hiurder 
and  more  brittle  than  their  elements.  They  are  sometimes 
more  dense,  sometimes  less  dense  than  we  should  expect  from 
ihe  densities  of  the  combining  metals. 


The  salts  are  a  very  important  and  useful  class  of  compounds ; 
but  our  space  will  not  aUow  us  to  describe  them  minutely,  and 
we  must  be  satisfied  with  a  few  general  remarks,  applicable  to 
the  whole  class,  and  with  a  brief  statement  of  the  characters 
which  distinguish  the  separate  families  of  salts,  as  marked  by 
the  adds  they  contain.  We  have  already  given,  under  the 
different  metals,  the  characters  of  the  different  bases  in  their 
salts.  Fortunately  the  analogies  among  the  very  numerous 
salts  are  so  strong  and  well  marked,  that  here,  better  than  in 
any  other  department,  minute  details  may  be  omitted. 

When  the  term  salt -was  first  extended  beyond  sea-salt,  the 
original  type,  it  was  applied  to  substances  having  similar  pro* 
perties,  sudi  as  solubility,  neutrality,  and  saline  taste,  with  the 
property  of  crystallising.  It  was  found,  after  a  time,  that 
salts  were  produced  hy  the  combination  of  acids  with  alkalies, 
or  at  least  by  bringing  them  together;  and  as  sea-salt  was 
obtained  when  soda  and  muriatic  acid  were  mixed,  it  was 
supposed  to  be  formed  of  these  constituents,  just  as  sulphate  of 
sooa  was  supposed  to  consist  of  sulphuric  acid  and  soda. 

But  when,  in  process  of  time,  it  came  to  be  known  that  sea- 
salt  contained  neither  muriatic  acid  nor  soda,  it  was  found 
necessary,  since  it  was  impossible  to  deny  the  claim  of  searsalt 
to  rank  as  a  salt,  to  admit  two  kinds  or  classes  of  neutral  salts, 
one  formed  of  an  oxygen  acid  and  an  oxygen  base  ;  the  other,  of 
a  salt-radical  and  a  metal.  Thus,  while  sulphate  of  soda  was 
Na  0,  8  0„  sea-salt  was  Na  CI ;  the  former  corresponding  to 
the  hydrated  add,  H  0,  S  0,  ;  the  latter  to  the  hydrogen  acid, 
H  CI.  This,  indeed,  is  the  view  whi<?h  has  for  many  years 
prevailed. 

Bat  it  did  not  escape  the  sagadous  mind  of  Davy,  that, 
according  to  this  view,  we  give  two  different  explanations  of 
phenomena  almost  identical,  and  that  a  more  ^ly  philoso- 
phical view  might  be  taken. 

When  hydrated  sulphuric  add  acts  on  soda,  we  have  two 
marked  phenomena :  uxeie  are,  the  formation  of  a  neutral  salt 
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and  the  sraaration  of  water.  This  is  represented  as  follows : 
Na  0  +  HO,  80,  =  H  0  +  Na  0,  SO,.  Now,  when  hy- 
drochloric acid  acts  on  soda,  we  observe  exactly  the  same 
phenomena — ^the  formation  of  a  neutral  salt,  and  the  separa- 
tion of  water ;  bnt  the  explanation  is  now  different.  It  is 
Na  0  +  H  CI  =  Na  CI  +  H  0. 

Davy  showed  that,  in  the  latter  case,  but  one  explanation 
was  possible— because  the  hydrogen  conld  only  come  from  the 
hydrochloric  acid,  and  the  oxygen  from  the  soda ;  and  he  pro- 
posed so  to  view  the  former  case  as  to  bring  it  under  the  same 
explanation. 

He  pointed  out  that  we  have  no  certainty  that  the  hydiatei 
sulphuric  acid  really  contains  water ;  or  the  sulphate  of  sodi, 
oxide  of  sodium  ;  and  that,  instead  of  the  formula  H  0,  8  O,, 
we  might  with  better  reason  adopt  the  formula  H,  8  0^  for  the 
acid,  which  would  thus  come  to  be  considered  a  hydrogen  acid, 
differing  from  hydrochloric  acid  only  in  containing  a  compmmi 
radical,  8  0^,  mstead  of  a  9%mple  one,  CI.  But,  in  the  fint 
place,  chlorine  may  not  be  really  a  simple  bodv  ;  and  secondlf  , 
if  it  were  so,  we  know  that  compound  radicals  exist,  perform- 
ing exactly  the  part  which  is  here  ascribed  to  the  hypothetical 
body  80^. 

Thus,  cyanogen,  Cv  =:  C,  N,  with  hydroffen  forms  hydro* 
cyanic  acid,  H  C7,  which  acts  on  bases  exactly  as  hydrochloiie 
acid  does,  yielcQng  a  neutral  salt  (a  cyanide)  and  water. 
M0  4-HCy==MCy  +  H0. 

Let  us  represent  8  0^  by  Su,  and  then  we  have  H  811  = 
hydrated  or  real  sulphuric  acid  ;  and  when  it  acts  on  soda, 
Na  0  +  H  Su  =  Na  Su  4-  H  0.    We  have  then— 
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In  this  form  we  see  that,  assuming  sulphuric  acid  to  be  a 
hydrogen  acid^  the  whole  of  its  relations  admit  of  being  ex- 
pressed as  simply  as  those  of  hydrochloric  acid.  These  two 
acids,  and  all  acids  analogous  to  either  of  them,  come  into  the 
same  category,  and  the  same  is  true  of  their  salts,  all  of  which 
are  considered  compounds  of  metals  with  radicals,  simple  or 
compound.  In  this  simple  way  we  get  rid  of  the  absurdity  of 
two  different  explanations  for  the  same  phenomena,  and  we 
arrive  at  the  following  general  definition  of  an  acid  and  of  a 
salt:— 

An  add  is  the  hydrogen  compound  of  a  simple  or  compound 
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tadical,  pOflseasing  the  power  of  nentislisiiig  bases ;  and  its 
general  rormnla  is  H  R. 

A  salt  is  the  oompoimd  fonned  by  replacing  the  hydrogen 
of  an  add  by  a  metal ;  and  the  general  formnla  for  a  salt  is 
MR. 

This  is  the  onl}r  view  that  can  be  taken  in  the  case  of  the 
acids  and  salts  of  simple  radicals ;  but  in  the  case  of  compound 
radicals,  we  have  already  seen  that  another  view  is  taken^ 
For  example,  oil  of  vitriol  is  considered  to  be,  not  a  hydlSgen 
acid,  but  an  oxygen  acid  united  to  water,  and  is  called  hydrated 
snlphnric  acid,  H  0,  S  O^  ;  and  in  its  salts  the  water  is  sup- 
posed to  be  replaced  by  metallic  oxide,  M  O,  8  0,. 

In  favour  of  this,  the  ordinary  view,  it  is  urged  that  diy  sul- 
phuric add,  SO,,  exists,  and  that,  in  contact  with  water,  it 
produces  hydrated  sulphuric  add ;  in  contact  with  bases,  sul- 
phates, lliat,  although  oil  of  vitriol  may  be  viewed  as  H,  80  ^ . 
this  Tiew  is  improbable,  because  the  body  8  O 4,  the  supposea 
radical,  is  unknown  in  a  separate  form,  and  that  many 
undoubted  oxysen  adds  exist  containing  no  hydrogen,  as  car- 
bonic,  silidc,  phosphoric,  and  chromic  adds. 

To  these  considerations  it  may  be  replied,  that  although  the 
bodv  8  O3  exists,  it  itf  not  truly  an  add,  and  does  not  acquire 
acid  properties  until  it  has  been  in  contact  with  water,  and 
combined  with  it,  that  is,  with  hydrogen.  That  with  ammonia, 
8  0,  does  not  form  sulphate  of  ammonia,  but  an  entirely  dif- 
ferent compound.  That,  although  the  supposed  radical  8  0^  is 
unknown  in  a  separate  form,  the  same  objection  may  be  made 
to  the  older  view  in  the  case  of  nitric  add  and  many  other 
adds ;  for  strong  nitric  acid  is  viewed  as  a  hydrate  of  dry 
nitric  add,  H  0,  N  O.,  while  dry  nitric  add  is  quite  unknown 
in  a  separate  form.  That  those  oxygen  adds  which  exiit 
without  hydrogen,  such  as  dry  sulphuric  add,  8  0.,  dry  phos- 
phoric add,  P,  0  ,  carbonic  add,  00,^  silidc  acia,  Si  t),,  and 
chromic  add,  Cr  O,,  either  have  no  acid  properties  till  water 
is  added,  as  in  the  case  of  8  O3  and  P^  0^,  or  possess  ver|r 
feeble  and  ill-marked  add  properties,  as  m  the  c&se  of  carbome 
and  silidc  adds,  which  cannot  neutralise  the  alkalies,  and 
form  with  them  an  almost  unlimited  number  of  compounds. 
That  all  those  oxygen  adds  which  possess  in  perfection  the 
add  character,  such  as  oil  of  vitriol,  nitric  add,  phosphoric 
add  in  its  active  state,  and  the  whole  of  the  oiganic  adds, 
invariably  contain  hydrogen  in  a  form  in  which  it  is  replacea 
by  metals  in  the  salts,  or,  accordiAg  to  the  older  view,  water, 
'Which  in  the  salts  is  replaced  by  metallic  oxide.  Now,  as  in 
"water,  H  O,  and  metallic  oxide^  ii  0,  the  oxygen  is  the  same, 
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it  is,  even  on  that  view,  hydrogen  whidi  is  replaced  by  metal 
when  an  acid  is  converted  into  a  salt. 

It  may  be  added,  that  considerations  derived  from  the  phe- 
nomena  of  galvanic  decomposition  (Daniell),  from  the  heat 
developed  when  bodies  combine  to  form  salts  (Qraham, 
Andrews),  and  from  the  molecular  or  atomic  volume  of  acids 
and  salts  (Kopp),  all  concur  to  render  it  probable  that  oxygen 
acids  are  hy<frogen  compounds,  not  hydrates,  and  that  oxy^n 
saltf  contain  a  metal  united  to  a  radical,  and  not  an  oxide 
nnited  to  a  dry  or  anhydrous  acid. 

.  On  the  whole,  therefore,  the  simpler  view,  and  that  which 
admits  of  but  one  kind  of  acids  and  one  kind  of  salts,  is, 
in  the  present  state  of  our  knowledge,  to  be  preferred ;  but  we 
shall  give  the  formula  according  to  both  views,  since  we  onght 
to  be  equally  familiar  with  both. 

.  Since  salts  are  formed  from  acids  by  the  replacement  of  the 
hydrogen  of  the  acid  by  a  metal,  and  since  acids  exist  con- 
taining more  than  one  equivalent  of  hydrogen  (or  of  water) 
replaceable  by  metals  (or  metallic  oxides),  it  is  advisable  to 
class  the  salts  according  to  the  acids  from  which  they  are 
derived,  whether  monobasic  or  polybasic. 
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Monobasic  acids  are  those  of  which  an  equivalent  foims  a 
neutral  salt  with  1  eq.  of  base.  The  general  formula  of  a 
monobasic  acid,  considered  as  a  hydrogen  acid,  is  HR,  and  its 
action  on  a  protoxide  is  as  follows  :  HR  +  MO  =  HO  +  MR; 
so  thai  MR  is  the  general  formula  for  a  monobasic  salt. 
R  stands  here  for  the  radical,  which  ¥dth  hydrogen  forms 
the  acid. 

On  the  other  view,  a  monobasic  oxygen  acid  is  a  hydrate 
containing  1  eq.  of  water  and  1  eq.  of  dir  or  anhydrous  acid, 
and  the  general  formula  is  HO,  RO, ;  R  standing  here  for 
the  combustible  element  of  any  oxygen  acid,  which  may  be 
united  with  9,  3,  or  more  eq.  of  oxygen  in  the  anhvcuous 
acid.  The  action  of  such  an  acid  on  a  base  is  as  follows : 
HO,  RO,  -f  MO  =  MO,  RO,  +  HO ;  so  that,  on  this  view, 
the  ffeneral  formula  for  a  monobasic  neutral  salt  is  MO,  RO.. 

The  most  important  monobasic  oxygen  acids,  of  inorganic 
nature,  are  the  following :  sulphuric,  sdphurous,  nitric,  hypo- 
chlorous,  chloric,  perchloric,  iodic,  phosphoric,  arsenic,  arse- 
pious,  chromic,  boracic,  silicic,  and  car^nic  adds,  the  salts 
of  which  are  now  to  be  very  briefly  described.  The  salts 
formed  by  the  monobasic  hycj^ogen  acids  with  simple  radicals 
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have  been  already  described,  under  the  respective  metak,  as 
chlorides^  bromides,  iodides,  flnoiides,  snlphnrets,  &c. 

SULPHATES. 

General  formula  of  neatnd  sulphates  :  M, SO^,  or  M0» 80,,, 
General  formula  of  bisulphates :  M,  S0«  +  H,  BO. ;  or  MO, 
SO.+HO,SO,. 

Of  the  sulpbates,  some  are  found  native ;  some  are  ^ly 
Qolable,  some  sparingly  soluble,  some  insoluble.  All  the 
soluble  sulphates  are  recognised  in  solution  by  the  test  of 
nitrate  of  baryta,  which  causes  a  white  precipitate  of  sulphate 
of  baryta,  insoluble  in  acids.  All  the  insoluble  sulpnates, 
when  fixsed  with  carbonate  of  soda,  yield  sulphate  of  soda, 
which  may  be  recognised  as  above ;  or,  when  heated  with 
charcoal,  the^  yield  sulphurets,  which  are  easily  known  by 
their  blackening  the  salts  of  lead.  The  action  of  charcoad 
on  a  sulphate  is  thus  represented :  MO,  SO,  4-  C.  =  4  CO  + 
MS ;  or  M,  SO^  +  C^  =  4  CO  +  MS. 

The  sulphates  of  the  weaker  bases  are  decomposed  by  a 
white  heat,  but  those  of  the  stronger  bases  are  not  altered. 

Some  neutral  sulphates  exist  in  the  anhydrous  state,  M  0, 
SO,,  or  M,SO^.  Others  occur  combined  with  1  eq.  of  what 
C^raham  calls  constitutional  water,  requiring  a  red-heat  for  its 
expulsion,  and  capable  of  replacement  by  another  neutral 
sulphate ;  and  many  occur  witK  several  equivalents  of  water 
of  ctystaUisation. 

Sulphate  of  potash  crystallises  in  six-sided  prisms  and 
pyramids,  which  are  anhydrous.  Its  formula  is  KO,  80,, 
orK,SO  . 

Bisulphate  of  potash  crystallises  in  fine  needles,  the  for- 
mula of  which  is  (K0,S03+H0,  SO  J,  or  (K,SO^  -f  H,80  J. 
It  is  a  very  acid  salt,  and  is  much  used  as  a  flux  in  mineral 
analysis. 

Sulphate  of  soda,  or  Glauber's  salt,  forms  lai^enrisms,  the 
formula  of  which  is  Na  0,  SO,  -f-  lOaq. ;  or  Na,  SO^  -h  10  aq. 
It  is  used  as  a  laxative  ;  and  from  this  salt  in  its  anhydrous 
state  (prepared  from  sea-salt  by  the  action  of  oil  of  vitriol), 
carbonate  of  soda  is  manufactured  by  heating  it  with  charcoal 
in  a  reverberatory  furnace. 

Sulphate  of  ammonia  (NH„  HO,  SO,)  or  (NH^,  SOA 
crystallises  in  the  same  form  as  sulphate  of  potash.  With 
water  of  ciystallisation  it  fonns  crystals  of  a  totally  different 
form,  NH^,  0  -f-  SO,  -h  aa. 

Sulphate  of  baryta,  or  heavy,  spar,  occurs  native  in  large 
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tftbnlar  and  also  priimatic  CTystala.  It  is  remarkable  foi^ 
its  insolability  in  water  and  acids.  It  is  decomposed  by 
ignition  with  charcoal,  yielding  snlpharet  of  barinm,  from 
which  all  the  other  compoands  of  barinm  may  be  obtained. 
It  is  anhydrous,  and  its  formula  is  Ba  0,  SO,,  or  Ba,  SO^. 

Sulphate  of  strontia,  or  celestine^  also  occurs  native,  and 
is  very  analogous  to  the  preceding.  It  serves,  when  decom-' 
posed  by  ignition  with  charcoal,  to  yield  all  the  compounds  of 
strottium.    Formula  Sr  0,  SO,,  or  Sr  SO^. 

Sulphate  of  lime.  This  ndt  occurs  native,  as  gypsom, 
selenite,  and  alabaster,  the  formula  of  which  is  (CaO,  SO 
-h  HO)  -h  aq. ;  or  (Ca,  SO^  -f  HO)  +  aq.  In  the  mineral 
anhydrite,  it  is  anhydrous,  Ca  0,  SO,,  or  Ca,  SO.  When  heated 
to  270°,  gypsum  loses  both  its  constitutional  water,  and  its 
water  of  crystallisation,  and  falls  to  a  fine  powder,  which 
is  plaster  of  Paris;  and  which,  when  mixed  with  water, 
combines  with  it  again,  forming  a  solid  compound,  or  set- 
tinff,  as  it  is  called.  Hence  its  use  in  monl<ung.  Gynsnm 
is  Sao  a  very  valuable  manure.  It  is  very  sparingly  soiable 
in  water,  but  its  solution  is  precipitated  copiously  by  salts 
of  baryta. 

Sulphate  of  magnesia,  or  Epsom  salts,  occurs  in  some 
springs,  and  is  easi^  made  by  dissolving  carbonate  of  magnesia 
in  sulphuric  acid.  It  is  very  soluble,  and  cx^stallises  readily 
in  four-sided  prisms,  the  formula  of  which  is  (MgO,  SO.  + 
HO)  +  6  aq.    It  is  much  used  as  a  laxative. 

Sulphate  of  allumina  does  not  crvstallise,  but  it  enters  inta 
the  composition  of  crystallisable  double  salts,  called  alums. 
Its  formula  is  Al,  0„  3  SO  ,  or  Al„  3  SO^. 

A  subsulphate,  or  trisulphate  of  alumina,  occurs  native  aa 
the  mineral  aluminite.     Formula  Al,  0,,  SO.  +  &<!• 

Sulphate  of  manganese  forms  pale  pinx,  or  coloorleas 
crystiJs,  of  the  formula  (VnO,SO,  +  HO)  +4aq.;  or, 
(Mn,S0^  +  H0)-|-4aq. 

Sulphate  of  iron  (protoxide)  or  green  vitriol.  This  well- 
known  salt  forms  pale-green  oblique  prisms.  Formula  (FeO, 
SO  +  HO)  +  6aq. ;  or  (Fe,  SO^  +  HO)  -f  6aq.  It  is  used 
in  tne  manufacture  of  fuming  sulphuric  acid,  hence  called  oil 
of  vitriol ;  in  making  ink ;  and  very  extensively  in  dyeing, 
and  calico-printing.    It  is  also  much  used  in  medicine. 

Sulphate  of  the  peroxide  of  iron  does  not  crystallise,  bat 
forms  crystallisable  double  salts.  Formula  Fe,  0^3  SO,  ; 
or,  Fe  ,  3  SO  . 

Sulphate  of  zinc,  or  white  vitriol,  forms  crystals  exactly 
similar  to  those  of  sulphate  of  magnesia.     Formula  (Zn,  SO,, 
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+  HO)  +  eaq. ;  (Zn,  SO^  +  HO)  -f  Baa.  It  is  much  used 
in  sai^exy,  and  is  formed  when  zinc  is  dissolyed  in  dilated 
snlphTiric  acid. 

Sulphate  of  nickel  fonns  emerald-;green  ciystals,  of  the  same 
form  as  the  preceding.  Formula  (Ni  0,  SO,  +  HO)  +  6  aq. ; 
or  (Ni,  SO^  +  HO)  +  6  aq. 

Sulphate  of  cohalt  forms  rose^red  crystals  of  the  same  form 
as  green  yitriol.  Formula  (CoO,  SO,  +  HO)  H-fiaq*;  or, 
{Co,S0^+H0)  +  6aq. 

Skdnhate  of  chromium  does  not  crrstallise,  but  forms 
ciystallisable  doable  salts.  Fonnula  Cr,  0„  3  SO, ;  or, 
Cr  ,3S0^. 

Sulphate  of  copper,  or  blue  yitriol,  forms  azure-blue  ciystalsy 
eocactiy  of  the  same  form  as  those  of  sulphate  of  manganese. 
Its  formula  is  (Cu  0,  SO,  +H0)  +  4  aq. ;  or  (Cu,  SO^-f-  HO) 
•f-  4  aq.  With  excess  of  ammonia  it  forms  a  deep  yiolet-blue 
salt^  the  ammoniuret  of  copper,  in  which  the  water  of  ciys- 
tallisation  of  blue  vitriol,  or  a  part  of  it,  appears  to  be  replaced 
by  ammonia.  Sulphate  of  copper  is  mudi  used  as  an  escha- 
rotic  in  surgery. 

Sulphate  of  peroidde  of  mercury  is  formed  as  a  crystalline 
powder,  when  mercury  is  boiled  to  dryness  with  sulphuric 
acid.  ItsformulaisHgO^,  2S0  ,orHg,  2S0^.  It  u  used 
in  the  preparation  of  corrosive  sublimate,  and  of  calomel. 

Sulphate  of  silver  forms  anhydrous  crystals,  having  the  same 
form  as  those  of  anhydrous  sulphate  of  soda.  Formula  Ag  0, 
SO„orAg,SO^. 

nOUBLB  SULPHATES. 

Of  these  there  are  two  well-marked  groups.  The  type  of 
the  first  is  sulphate  of  materia  and  potash ;  the  type  of  the 
second  is  sulphate  of  alumma  and  potash,  or  alum. 

1.  When  sulphate  of  potash  and  sulphate  of  magnesia  are 
mixed  in  equivalent  proportions,  and  the  solution  evaporated, 
GiTstals  are  deposited,  of  a  well-marked  form,  the  formula  of 
which  is  (KO,  SO,  -h  Mg  0,  S0,)+  Gaq. ;  or  (K,  SO^  +  Mg, 
SO^)  +  6aq.  It  appears  to  have  been  formed  firom  sulphate 
of  magnesia,  by  the  substitution  of  KO,  SO,,  for  the  consti- 
tutional HO,  the  6  aq.  remaining  unchanged.  It  is  but  the 
type  of  a  large  group ;  for  similar  double  uJts  may  be  formed 
with  sulphate  of  potash,  and  the  sulphates  of  one,  nickel, 
cobalt,  iron,  copper,  and  manganese ;  and  another  series,  of 
exactly  the  same  form,  may  be  obtained  by  substituting 
sulphate  of  ammonia  for  sulphate  of  potash ;  as,  for  example, 
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in  the  doable  sulphate  of  magnesia  and  ammonia  (NH^,  O, 
S03H-MgO,SO,)+6aq. 

2.  Common  alnm,  the  type  of  the  second  group,  is  formed 
when  sulphate  of  potash  combines  with  sulphate  of  alumina, 
and  its  formula  is  (KO,  SO,  +  Al,  0„  3  SO^)  +  24  aa. ; 
or  (K,  SO^  -f  Al„  3  SO^)  +  24  aq.  Now,  this  is  also  the 
tjrpe  of  a  numerous  group ;  for  the  potash  may  be  replaced 
by  soda  or  ammonia,  and  the  alumina  may  hie  replaced  by 
the  sesquioxides  of  iron,  manganese,  and  chromium.  The 
general  formula  of  this  group  is  (MO,  SO,  +  m,  0,,  3  SO,) 
-h  24  aq. ;  M  representing  potassium,  sodium,  or  ammonium, 
and  m,  aluminum,  iron,  manganese,  or  chromium.  All  the 
falts  of  this  group,  which  are  called  alums,  crystalHse  in 
octohedrons,  and  contain  the  same  amount  of  water. 

When  we  consider  the  facts  above  noticed,  the  circumstance 
that  the  sulphates  of  copper  and  manganese,  with  4  eq.  of 
water  of  ciystalliBation,  those  of  iron  and  cobalt,  with  5  eo., 
and  those  of  magnesia,  zinc,  and  nickel,  with  6  eq.  req[>ectively 
cnrstalUse  in  the  same  forms,  different  for  each  group ;  and 
when  we  reflect  on  the  two  remarkable  groups  of  doable 
sulphates  just  described,  we  cannot  avoid  the  conclusion,  that 
similarity  of  constitution  is  one  main  cause  of  similarity  of 
ciystalline  form ;  and  this  constitutes  the  doctrine  of  isomor- 
phism, as  at  present  understood  and  admitted.  By  similarity 
of  constitution  is  meant,  not  only  a  likeness  in  the  nature  of 
the  elements  present,  but  a  similar  arrangement  of  those 
elements. 

Thus,  in  common  alum,  K  0,  S  0,  +  Al,  0„  3  S  0,  + 
24  aq. ;  and  in  ammonia,  iron,  alum.  Am  O,  SO,  +  F^a  0,, 
3  SO,  -f  24  aq. ;  not  only  is  ammonium  (Am)  analogous  to 
potassium,  and  iron  to  aluminum,  but  the  new  elements 
occupy  the  same  podtion  as  the  original  ones,  as  is  shown  by 
the  formula. 

SULPHITES. 

The  sulphites  are  recognised  by  their  giving  off  the  suffo- 
cating smell  of  sulphurous  acid  when  acted  on  by  a  stronger 
acid.  They  have  lately  been  studied  by  Muspratt,  who  has 
found  that  a  very  close  analogy  exists  between  the  sulphites 
and  the  carbonates. 


The  nitrates  are  easily  prepared  by  the  action  of  nitric  om 
bases,  on  metals,  or  on  carbonates.  They  are  all  decomposed 
by  a  red-heat,  and  they  all  deflagrate  with  red-hot  chareoaL 
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In  aolatioDy  they  are  best  recognised  by  adding  snlphiiric  acid 
and  warming,  which  sets  free  the  nitric  acid,  and  then 
eantionsly  adding  solntion  of  green  vitriol,  which,  at  the  line  of 
junction  of  the  two  liquids,  becomes  black  or  red,  according  to 
the  proportion  of  nitric  acid,  from  its  peculiar  action  on  the 
protosalts  of  iron.  The  general  formula  of  nitrates,  in  the 
anhydrous  slate,  is  M  0,  N  0,,  or  M,  NO^. 

Nitrate  of  potash,  nitre  or  saltpetre,  is  found  as  an  efflo^ 
rescence  on  the  soil  in  hot  climates,  and  may  be  fonned  arti- 
ficially in  nitre  beds.  The  essential  conditions  are  the  presence 
of  a  fixed  base,  particularly  potash  ;  and  of  decaying  omnio 
matter,  or  some  other  source  of  ammonia,  which  is  oxidised, 
producing  nitric  acid  and  water ;  and  the  acid  then  unites  with 
the  base.  The  ammonia  N  H3,  with  8  ea.  of  oxygen  from  the 
air,  gives  rise  to  nitric  acid  and  water,  N  0^  -^  3  H  0,  or  H, 
NO,  +  2  H  0.  There  is  no  reason  to  believe  that  the  nitro-. 
gen  of  the  atmosphere  is  ever  oxidised,  or  contributes  to  nitrifi- 
cation ;  and  the  minute  trace  of  nitric  acid  sometimes  observed 
in  the  rain  of  thunder-storms,  has  in  all  probability  been 
formed  from  the  ammonia  of  the  atmosphere. 

Nitre  crystallises  in  6-sided  prisms.  It  is  much  used  in 
making  gunpowder,  and  as  an  oxidising  agent;  also  in  the 
manuracture  of  nitric  acid.    Formula,  K  0,  N  0^ ,  or  K,  N  0, . 

Nitrate  of  soda  is  formed  precisely  in  the  same  way,  where 
soda  is  the  base  present  in  the  soil,  and  occurs  in  mimense 
quantities  in  some  parts  of  South  America.  It  crystallises  in 
rnombohedrons.  It  is  much  used  in  the  manufacture  of  sul- 
phuric and  nitric  acids,  but  does  not  answer  for  gunpowder. 
Formula  Na  0,  N  0^,  or  Na,  N  0,. 

Both  nitre  and  nitrate  of  soda  are  used  as  manures  :  and  it 
is  still  uncertain  whether  the  acid  of  these  salts  contributes  to 
the  good  effect,  or  whether  they  act  by  the  bases  alone. 

Nitrate  of  ammonia  crystallises  in  prisms  like  those  of 
nitrate  of  potash.  It  is  used  in  the  preparation  of  the  pro- 
toxide of  mtrogen  or  laughing  gas.  FormuU  N  H.  0,  N  0^ 
orNH„NO,. 

Nitrate  of  baryta  crystallises  in  octohedrons,  which  are  anhy- 
drous. It  is  much  used  as  a  test,  and  when  ignited  yields  pure 
baryta.    Formula  Ba  0,  N  0„  or  Ba,  N  0, . 

Nitrate  of  strontia  forms  anhydrous  crystals,  isomorphous 
with  the  preceding  salt ;  but  it  also  occurs  in  large  prismatic 
crystals,  containing  5  eq.  of  water.  It  is  used  in  the  manufac- 
ture of  red  fire. 

Nitrate  of  lime  and  nitrate  of  magnesia  crystallise  with  diffi- 
culty, and  are  extremely  deliquescent. 
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Nitrate  of  copper  forms  deep-blue  crystals,  the  fotmnla  of 
whichisCuOjNO,  -h3HOorCtt,NO  -I-3H0.  There 
is  also  a  sabnitrate,  the  formula  of  which  is  H  0^  N  O,  + 
3  Gu  O :  the  former  salt  may  be  viewed  as  nitrate  of  copper 
with  3  e^.  of  constitutional  water^  the  latter  as  nitrate  of 
water,  with  3  eq[.  of  constitutional  oxide  of  copper.  When 
either  is  ignited,  it  leaves  pure  oxide  of  copper,  well  adapted 
for  oi^ganic  analysis. 

Nitrate  of  lead  crystallises  in  octohedrons,  and  is  isomorphous 
with  the  nitrates  of  baryta  and  strontia.  Formula  Pb  0,  NO. 
orPb,NO 

Nitrate  of  mercury  is  of  uncertain  comfK>sition :  there  seem 
to  be  nitrates  both  of  protoxide  and  peroxide,  but  both  have  a 
great  tendency  to  form  subsalts,  especially  in  contact  with 
water.  When  heated,  the  acid  is  driven  off,  and  peroxide  of 
mercury  is  left. 

Nitrate  of  silver,  or  lunar  caustic,  is  very  much  used  as  aa 
escharotic.  It  is  made  by  dissolving  pure  nlver,  or  the  oxide 
formed  from  the  chloride  (see  p.  222)  m  nitric  acid  and  evapo- 
xstiuff,  when  crystals  are  deposited,  which  are  fine  tables, 
anhydrous,  and  fusible  at  42^.  when  the^  may  be  run  into  a 
mould  BO  as  to  yield  the  sticu  of  caustic.  Formula  A^  0, 
N  0, ,  or  Ag,  NO,.  It  is  the  chief  ingredient  of  indelible  ink. 
like  all  the  other  compounds  of  silver,  it  is  blackened  by  li|^t, 
especially  when  in  contact  with  organic  matter.  It  is  much 
used  as  a  test  for  chlorine. 

CHLOKATBS. 

The  chlorates  are,  both  in  formula  and  properties^  very  analo- 
gous to  the  nitrates.  They  deflagrate  violently  with  combus* 
tible  matter,  and  are  eamy  distinguished  from  nitrates  hj 
leaving  chlorides  when  ignited.  Their  general  formula  is 
MO,C10„orM,C10,. 

The  only  important  chlorate  is  chlorate  of  potash,  the  thecny 
of  the  production  of  which  has  been  already  explained  (see 
p.  77).  It  forms  tabular  crystals,  of  a  pearly  lustre.  It  is 
chiefly  used  as  a  convenient  source  of  very  pure  oimen  gas, 
and  as  an  oxidising  agent.  Its  formula  is  K  0,  CI  O.,  or 
K,C10.. 

The  perchlorate  of  potash,  K  O,  CI  0„  or  K,  CI  0.,  is  the 
only  perchlorate  of  interest.  It  is  so  sparingly  soluble  that 
perchloric  acid  may  be  used  as  a  test  ror  potash.  It  defla- 
grates with  combustible  matter,  although  not  so  powerfully  as 
the  chlorate. 
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HYPOCHLORITES. 


These  salts  do  not,  in  themselves,  possess  much  importance; 
but  are  interesting  as  forming  part  of  the  bleaching  componnds 
of  lime  and  soda,  so  much  used  in  the  arts.  These  bleaching 
componnds,  as  explained  at  pp.  77  and  78,  are  formed  when 
chlorine  acts  on  an  alkali  or  alkaline  earth,  and  may  be  viewed 
either  as  composed  of  a  hypochlorite  and  a  chloride,  or  as  oxy- 
chlorides  of  tne  metal.  According  to  the  former  view,  which 
is  the  more  probable,  bleaching-powder  is  (Ca  0,  CI  0)+Ca  CI. 
When  acted  on  by  an  acid,  the  whole  of  its  chlorine  is  set 
free,  and  hence  its  enormous  bleaching  power  when  an  acid  is 
used :  hence,  also,  its  want  of  bleaching  power,  unless  acid 
is  added.  The  action  of  sulphuric  acid  is  as  follows :  (Ca  O, 
C10+CaCl)-|-2S0  =2(CaO,SO,)+Cl,.  Accord- 
inff  to  the  latter  view,  bleaching  powder  is  Ca  0  CI,  an  oxy- 
duoride,  and  the  action  of  sulphuric  add  isCaOCl-fS03= 
Ca  0,  S  0,  -h  CI. 

Chloride  of  soda,  a  perfectly  analogous  compound,  is  either 
Na  0,  CI  0  +  Na  CI,  or  Na  0  CI ;  and  its  action  with  sul- 
phuric acid  is  explained  exactly  as  above. 

lODATES. 

These  salts  are,  in  general,  analogous  to  the  chlorates,  but  are 
of  little  practical  importance.  The  general  formula  for  an 
iodate  is  M  0, 1 0>  ,  or  M,  I  Oj.  When  heated  to  redness, 
oxygen  is  given  off,  and  an  iodide  remains. 

The  bromates  are  quite  analogous  to  the  chlorates.  General 
formula,  M  0,  Br  0„  or  M,  Br  0,. 

PHOSPHATES. 

There  are  three  distinct  modifications  of  phosphoric  acid, 
each  of  which  forms  its  own  salts.  Indeed,  were  it  not  tiiat 
these  acids,  under  certain  circumstances,  may  be  made  to  pass 
into  each  other,  we  should  never  think  of  describing  them 
otherwise  than  as  totally  distinct  acids.  The  three  acids  are, 
monobasic,  bibasic,  and  tribasic  phosphoric  acids. 

The  so-called  anhydrous  phosphoric  acid,  formed  by  burning 
phosphorus  in  diy  air  or  oxy^n,  is  not,  strictly  spring,  an 
acid,  and  does  not  acquire  acid  properties  till  it  has  taken  up 
the  elements  of  at  least  1  eq.  of  water,  when  it  becomes  mono- 
basic phosphoric  acid. 

According  to  the  usual  view,  the  three  acids  are  P,  0,, 
H  0,  P,  O,,  2  H  0,  and  P,  O^,  3  H  0,  thus  containing,  all  of 


242  BIBA8IC   PHOSPHATES. 

them,  anhydrous  acid  united  with  different  proportioiks  of 
water.  Now  this  is  quite  conceivable,  and  we  actually  possesB 
three  distinct  hydrates  of  sulphuric  acid,  S  O3  HO;  SO,, 
8  H  0  ;  and  S  O3,  3  H  0.  But  we  find,  further,  that  the  acid 
P  0,,  H  0  requires  but  1  eq.  of  base,  to  form  a  neutral  salt, 
wnile  the  acid  P,  0  , 2  H  0  requires  2  eq. ;  and  the  add, 
P  O5,  3  H  0,  3  eq.  of  base  to  form  neutral  salts.  In  the  cas9 
of  sulphuric  acid  the  same  phenomenon  does  not  occur,  for  all 
the  hydrates  are  neutralised  by  1  eq.  of  base,  yielding  the  same 
salt,  and  not,  as  the  phosphoric  acids  do,  different  salts.  What 
is  the  cause  of  this  difference  1  It  is  not  enough  to  say  that 
the  dry  acid,  P,  0^,  being  in  the  monobasic  form  combined 
with  1  eq.  of  water,  has  a  tendency  to  take  1  eq.  of  base,  and 
so  on ;  for  this  is  merely  re-stating  the  fact  in  other  words ; 
and,  besides,  no  such  tendency  is  observed  in  sulphuric  and  in 
many  other  adds. 

It  appears  to  me  that  the  only  satisfactory  answer  to  the 
question  is  the  following.  The  three  acids  are  all  distinct 
adds,  and  none  of  them  contains  anhydrous  phosphoric  add. 
They  are  all  hydrogen  adds  ;  and  their  respective  formulsB  are 
P,  0,,  H  ;  P,  0„  H,  ;  and  P,  0„  H,.  Now  as  every  hy- 
drogen acid  forms  a  neutral  salt  by  the  substitution  of  a  metal 
for  the  hydrogen,  these  adds,  if  they  exist,  must  require  respec- 
tively, one,  two,  and  three  eq.  of  base  to  neutralise  them,  and 
must,  of  course,  produce  totally  distinct  salts :  according  to  the 
equations,  P,  0,,  H  -h  M  0  =  P.  0-,  M  +  H  0 ;  P,  0., 
If, -f  2M0  =  P,  0„M, -h2H0;  and  P,  0.,  d, + 
3M0=P.0„M.  -|-3rfO. 

MONOBASIC  PHOSPHATES. 

According  to  the  above  views,  therefore,  the  general  formula 
for  a  monobasic  phosphate  isP.O^,  M,orP,  Og,MO.  Mono- 
basic phosphate  of  soda,  P,  0«,  Na,  or  P^  0. ,  Na  0,  is  obtained 
by  heating  the  acid  tribasic  phosphate  of  soda  to  redness,  when 
it  loses  2  eq.  of  water,  and  monobasic  phosphate  is  left.  It  is 
soluble  but  not  crystallisable^and  dves,  with  chloride  of  barium, 
a  bulky  precipitate,  which  is  P^Oc  Ba,  or  PgO,,  BaO ;  and 
with  nitrate  of  silver,  a  flaky  white  predpitate,  which  is  P,  0.» 
Ag,orP,0.,AgO. 

BIBASIC  PHOSPHATES. 

Of  these  there  are  two  series,  as  one  of  the  two  eq.  of  base 
may  be  basic  water,  or  both  may  be  fixed  base.  The  general 
formula  for  the  two  series  are  P,0.,  M,,  or  P,0  ,  2  MO ;  and 
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^»^'  1m^^^»^»  >M0  Bibasicphospateof8oda,P,0., 
Na,,  or  r,Os,  2NaO,  is  obtained  by  exposing  to  a  red-heat 
common  tribaisic  phosphate  of  soda,  which  loses  1  eq.  of  water, 
and  is  converted  mto  the  new  salt.  It  is  soluble  and  crystal- 
lisable,  and  gives,  with  nitrate  of  silver,  a  granular  white  preci- 
pitate, which  is  P,0- ,  Ag, ,  or  P^O, ,  2  Ag  0.  When  the  acid 
tribasic  phosphate  of  soda  is  heated  to  400°,  it  loses  1  eq.  of 

water,  and  leaves  the  acid  bibasic  phosphate,  P«  ^7  >  jj^^^ 

P  0    ^^^• 


TRIBA8IO  PHOSPHATES. 


Of  these,  which  are  the  most  nsnal  phosphates,  there  are  three 
series, the  general  formnlffi  for  which  are  as  follows :  P^O,,  M., 

orPA,3MO:P.0.|g    or  P.O.  {JmO'^^^^.^^  {m 

orP   0     |2H0. 

Common  phosphate  of  soda  belongs  to  the  second  series ;  it  is 

^'  ^«  \  Na,  ^^  ^»^»  {  ?NaO  ^^^^  ^^'  ^  "^'^^^^^  '°  ^® 
crystals,  are  added  24  eq.  of  water  of  crystallisation.  By  the 
addition  of  caustic  soda,  it  is  converted  into  P,  0,,  Na,,  or 
^9  Os>  3  Na  0 ;  and  by  the  addition  of  phosphoric  acid,  until 
it  ceases  to  precipitate  chloride  of  barium,  it  is  converted  into 

the  acid  tribasic  salt,  P,  0,  |  JJ»  or  P,  0.  |  ^^  ^'      With 

nitrate  of  silver,  either  of  these  three  salts  3delds  a  lemon- 
yellow  precipitate,  which  is  tribasic  phosphate  of  silver,  P^O,, 
Ag„  or  P.  0^,3  Ago. 
Microcosmic  salt,  much  used  as  a  blow-pipe  re-agent,  is  a 
(H  (HO 

tribasic  phosphate,  P,  0,  <  Na    -h8  aq.orP,  0.  <  NaO-h  8aq. 

(nh^  (nh^o 

NH^  here  represents  anunonium. 
Bone  phosphate  of  lime  is  a  peculiar  compound,  (8Ca  0-H 

8P.O.+HO)=(P.O.    jH    +2(P.0.,Ca.)V  or  P. 

C  HO  ^      »  / 

^s]  2Ca.  O"^^^^*^*'  3  Ca  0) ;  and  may  be  viewed  as  a  com- 
pound of  two  forms  of  tribasic  phosphate  of  lime. 

The  double  phosphate  of  ammonia  and  ma^esia,  which 
occurs  in  some  urinary  calculi,  and  is  also  found  in  the  husk  of 
b2 
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grain  and  other  vegetable  products,  appears  to  be  an  anomalooa 
t)hosphate,  containing  (P^O.,  2  Mff  0,  2  NH,,  10  HO),  but  how 
arranged  is  not  known.  This  salt  lU  ways  sepcun&tes  as  a  sparingly 
solnble,  or  insoluble  granular  precipitate,  when  phosphoric 
acid,  ammonia,  and  maimesia  meet  in  neutral  or  alluline  solu- 
tions, and  therefore  its  formation  may  be  made  a  test,  either  of 
the  presence  of  phosphoric  acid,  or  oi  that  of  magnesia. 

I  have  lately  (see  me  process  for  preparing  pure  phosphoric 
acid  from  bones,  page  115)  obtained  a  new  phos{|hate  of  mag^ 
neaia.  It  is  quite  insoluble,  and  its  formula  is  3  P,0^  + 
2  Mg  0,  or,  adopting  the  higher  atomic  weight  for  pho4>hom8 
(see  pafre  121),  3PO^-H2MgO.  This  is  a  most  remarkable 
composition,  oecause  it  is  quite  anomalous,  if  we  adopt  the 
views  above  developed  on  the  constitution  of  the  phosphates. 
We  cannot  consider  it  as  a  monobasic,  a  bibasic,  or  a  tribasic 
phosphate. 

We  may,  it  is  true,  adopting  the  older  views  regarding  phos* 
phone  acid,  and  rejecting  all  that  we  have  learned  concerning 
the  three  modifications  of  that  acid,  view  it  as  an  acid  sesqui- 
phosphate  of  magnesia.  But  it  is  easy  to  see  that  this  view  is 
quite  irreconcilable  with  that  which  we  must  adopt  regarding 
all  other  known  phosphates.  It  is  therefore  possible,  not  to 
say  probable,  that  this  salt,  being  formed  at  a  certain  tempera- 
ture, maj  contain  a  fourUi  modification  of  phosphoric  acid ; 
which  will  be  Pg  0 1 2 ,  2  H  O,  when  free,  and  the  salts  of  which 

willbeP«0,„2MOorP,0,,  j  h  q*    This  point  reqnires 

further  investigation. 

ABSENIATBS. 

The  salts  of  arsenic  add  are  extremely  analogous  to  ttaMe  of 
tribasic  phosphoric  acid  ;  indeed  they  are  so  similar,  in  form, 
colour,  solubility,  &c.,  that  to  distinguish  thearseniate  of  a  base 
from  the  corresponding  tribasic  phosphate,  we  must  ascertain 
the  presence  of  arsenic.  The  only  case  in  which  a  well-marked^ 
difference  in  external  properties  exists,  is  in  the  case  of  the 
arseniate  of  silver,  which,  instead  of  being  yellow,  like  the  cor- 
responding tribasic  phosphate,  is  of  a  dark,  brick-red  colour. 
The  arseniates  are  tnbasic,  and  their  general  formuln  are.  As, 

0.,M.;orA8,0.,3MO:A«,,0.  jg    «>' As.  O.  {  f jj^, 

iH  (2 HO    ' 

j^«  orAs,  O3  )  ]^Q  *    Several  arseniates  are 

found  native. 
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CBBOHATSB. 


These  salts  are  yellow,  oran^,  or  red,  the  latter  colour  pre- 
dominatiiig  when  the  acid  is  m  excess,  except  in  the  case  of 
dichromate  of  lead,  which  is  red.  The  soluble  chromates  are 
recoffnised  by  their  colour,  which  is  changed  to  green  when 
alconol  and  hydrochloric  add  are  added,  and  the  mixture  is 
boiled.  The  general  formula  for  neutral  chromates  is  M  0, 
Cr.O,  ;  and  for  bichromates,  MO,  2Gr  0,. 

Neutral  chromate  of  potash,  KO,  CrO^,  forms  beautiful  yellow 
ciystals,  isomoiphous  with  smphate  of  potash.  It  is  formed  by 
neutralising  the  bichromate  with  potauii 

Bichromate  of  potash,  K  0,  2  Or  O,,  is  much  used  in  calico* 
printing,  and  is  obtained  by  fusing  chrome  iron  ore  with  nitre. 
The  ore  contains  sesquioxide  of  chrominm,  Cr,  0,,  which  is 
oxidised  by  the  nitre  into  chromic  acid.  Or,  0,=2  Or  0  ,  and 
this  combines  with  the  potash  of  the  nitre  to  form  neutral  chro- 
mate. This  is  dissolved  and  filtered,  and  the  warm  solution 
acidulated  with  acetic  add,  which  takes  half  the  potash,  and,  on 
coolinff,  the  bichromate  is  deposited  in  beautiful  red  ciystals. 

Both  these  salts,  especially  the  bichromate,  have  a  veiy  dele- 
terious action  on  the  system,  when  their  solutions  are  brought 
much  in  contact  with  the  skin,  causing  sores,  which  ar^  very 
painful  and  difficult  to  heal.  Paper  impregnated  with  these 
salts,  and  dried,  forms  excellent  tinder.  The  solutions  have 
very  powerful  antiseptic  properties. 

Dichromate  of  lead,  2  PbO+Cr  0,,  is  found  native,  as  the 
red-lead  ore,  forming  beautiful  red  crystals.  It  may  also  be 
formed  by  ^sing  the  neutral  chromate  of  lead  with  nitrate  of 
potash,  or  by  bouing  carbonate  of  lead  with  chromate  of  potash ; 
and  is  much  used  as  a  paint. 

Chromate  of  lead,  Pb  O,  Cr  O,,  is  an  insoluble  powder,  of  a 
very  fine  yellow  colour,  much  used  in  painting,  under  the  name 
tif  chrome  yellow.  It  is  formed  by  the  action  of  soluble  salts 
of  lead  on  diromate,  or  bichromate  of  potash. 

Chromate  of  silver,  AgO,Cr03,  forms  dark-green  crystals, 
which  are  red  by  transmitted  light,  and  yield  a  deep  red  powder. 
When  predpitated,  the  salt  is  of  a  rich  dark  red. 

Bichromate  of  silver  forms  crimaon-red  tabular  crystals  AgO, 
2Cr  O3.  Chromate  of  mercury,  Ag  0,  Cr  0.,  is  a  light  red 
powder,  which,  when  ignited,  leaves  sesquioxide  of  chromium 
of  a  veiy  fine  green  colour. 

BORATKS. 

The  only  important  borate  is  borax,  which  is  a  biborate  of 


246  CABBONATEB. 

soda,  NaO,  2B0, +  10aq.  It  is  foond  native^  bat  veiy 
impure,  in  Thibet,  and  is  purified  in  Europe.  It  is  also  now 
formed  by  adding  soda  to  tne  native  bonudc  acid  obtained  from 
hot  springs  in  Tuscany.  Boracic  acid  is  so  feeble  an  acid  that 
even  the  2  eq.  of  it  in  borax  do  not  fully  neutralise  the  soda,  so 
that  borax  is  an  alkaline  salt.  The  borate  of  soda,  with  1  eq. 
of  acid,  Na  0,  BO ,  +8  aq.,  is  a  strongly  alkaline  salt. 

Borax  is  much  used  as  a  flux,  on  account  of  its  ready  fusi- 
bility, and  its  high  solvent  power,  at  a  red-heat. 

CARfiONATBS. 

These  salts  are  recognised  by  their  being  decomposed  with 
effervescence,  the  gas  disengaged  having  no  offensive  smell,  when 
acted  on  by  acids.  All  the  soluble  carbonates,  even  those  con- 
taininff  2  eq.  of  acid  to  1  of  base,  are  alkaline,  so  that  the  title 
of  carbonic  acid  to  the  name  of  acid  is  doubtml. 

Carbonate  of  potash,  KO,  CO,,  is  anhydrous,  deliqueaoent, 
not  crystallisable,  insoluble  in  alcohol.  It  is  obtained  pure  by. 
igniting  cream  of  tartar,  and  lixiviating  the  residue.  In  an 
impure  state  it  constitutes  pearlash  and  potashes^  which  are,  as 
the  name  implies,  the  ashes  of  plants.  Carbonate  of  potash  is 
much  used  as  a  flux  in  mineral  analysis,  and  for  the  preparation 
of  caustic  potash,  and  other  salts  of  potash  ;  also  in  the  mann- 
future  of  soap,  and  of  glass. 

Bicarbonate  of  potash,  K0C0.  +  2aq.,  is  obtained  by 
exposing  a  strong  solution  of  the  carnonate  to  a  current  of  car- 
bonic acid,  or  to  the  atmosphere  of  a  fermenting  vat,  when  the 
bicarbonate  is  deposited  in  crystals.  The  purest  carbonate  i« 
obtained  by  ignitinff  these  ciyst^s. 

Carbonate  of  soda,  NaO,  C0,+10aq.,  forms  very  laige 
rhomboidal  crystals,  which  effloresce  in  the  air.  It  was  for- 
merly extracted  from  kelp  or  barilla,  which  is  the  ashes  of 
marine  plants ;  but  is  now  made  from  seansalt,  £eur  more  cheaply, 
and  in  a  state  of  perfect  purity.  The  salt,  Na  CI,  is  first  con- 
verted into  sulphate  of  soda,  Na  0,  80,,by  being  heated  with 
oil  of  vitriol.  The  sulphate  of  soda  is  now  mixed  with  saw- 
dust and  lime,  and  heated  in  a  reverberatory  furnace.  By  this 
means  the  sulphuric  acid  is  decomposed,  its  sulphur  partly 
uniting  with  calcium,  and  partly  escaping  as  sulphurous  acid, 
while  the  carbonic  acid  which  is  formed  unites  with  soda.  The 
carbonate  is  purified  by  crystallisation,  but  generally  retains  a 
trace  of  sulphuric  acid. 

Carbonate  of  soda  is  very  much  used  in  the  making  of  soap 
and  glass,  being  both  much  cheaper  and  much  purer  than  ordi- 
nary potash.    It  is  also  much  employed  by  washerwomen  to 
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render  hard  water  soft,  and  in  general  to  assist  in  washing,  as 
it  is  powerfally  deteraent. 

Bicarbonate  of  soos,  NaO,  S  CO,  +  aq.,  forms  a  white 
powder^  which  is  alkaline,  and  is  much  nsed  in  medicine  as  a 
nuld  antacid,  and  as  one  of  the  ingredients  in  effervescing  or 
Seidlitz  powders. 

The  common  commercial  and  medicinal  carbonate  of  am- 
monia is  a  sesqnicarbonate,  2NH3+8HO  +  3CO,.  It 
is  fonned  by  heating  a  mixture  of  2  parts  of  sal  ammoniac  and 
3  of  dried  chalk,  and  sublimes  as  a  hard  crystalline  volatile 
mass,  having  a  stronc  smell  of  ammonia.  When  exposed  to  air, 
it  loses  ammonia, and  falls  to  a  powder  of  bicarbonate,  NH .  0, 
CO,  +  HO,CO,, 

Carbonate  of  baiyta  occurs  native,  as  vntherite.  It  forms, 
when  artificially  prepared,  a  heavy  white  powder,  soluble  in 
diluted  hydrochloric  and  nitric  acids,  insoluble  in  water.  It 
is  yeiy  poisonous.    Fonnnla,  Ba  O,  C  0 , . 

Carbonate  of  strontia  resembles  the  preceding.  It  occurs 
native,  as  strontianite,  in  radiated  crystalline  masses  of  an 
apple>green  colour.  It  is  not  poisonous.  Formula  SrO, 
CO,. 

Carbonate  of  lime  occurs  native,  as  marble,  limestone,  chalk, 
and  calcareous  spar.  It  also  forms  the  chief  part  of  shells,  and 
is  often  found  in  springs,  dissolved  by  an  excess  of  carbonic 
acid.  When  such  water,  which  is  very  hard  water,  is  boiled, 
the  excess  of  carbonic  acid  escapes,  the  carbonate  of  lime  is 
deposited,  and  the  water  becomes,  pro  tatOo,  softer.  Or,  the 
same  effect  may  be  produced  by  adding  just  as  much  lime- 
water  as  will  neutrause  the  bicarbonate  of  lime,  when  the 
whole  is  precipitated  as  neutral  carbonate.  CaO,  2  CO.  + 
CaO=2(CaO,CO  ). 

When  carbonate  ot  lime  is  ignited  in  the  open  fire,  it  loses 
all  its  carbonic  acid  and  becomes  Quicklime.  The  uses  of  this 
substance  are  well  known.  Formula  of  carbonate  of  lime  CaO, 
CO,. 

Carbonate  of  magnesia,  Mg  0,  C  0„  occurs  as  a  rock  in  the 
East  Indies.  When  a  solution  of  bicarbonate  is  exposed  to  the 
air,  crystals  are  deposited,  which  are  MgO,  CO,  +  3  aq. 
Other  crystals  have  been  obtained,  which  were  Mg,  O,  C  0,  + 
5aq.  When  carbonate  of  potash  is  added  to  a  solution 
of  sulphate  of  magnesia,  a  precipitate  falls,  which  contains 
4MgO  +  3CO,  -i-4aq. 

Carbonate  of  protoxide  of  iron  is  fonned  when  an  alkaline 
carbonate  is  added  to  a  solution  of  protosnlphate  of  iron.  It 
falls  as  a  dirty  white  bulky  precipitate,  whicn  rapidly  becomes 


248  SULPHUR  SALTS. 

green,  and  then  brown,  losing  carbonic  acid,  and  attracting 
oxygen,  till  it  passes  into  hydrated  peroxide  of  iron.  It  may 
be  preserved  as  protocarbonate  by  mixing  the  fresh  precipitate 
while  still  moist  with  sugar,  and  drying  it  in  the  water  oath. 
In  this  state  it  is  the  carbonas  ferri  saccharatns,  and  is  a  very 
active  remedy.  It  occurs  in  chalybeate  waters,  dissolved  by 
excess  of  carbonic  acid.    Fonnula  Fe  O,  G  0,  +  &<][• 

There  are  two  native  carbonates  of  copper :  the  dicarbonate, 
2  Cu  0  +  C  0  -H  aq.  in  the  beautiful  green  mineral  called 
malachite ;  ana  the  carbonate,  hydrated,  in  the  fine  blue  oopp« 
ore,CuO,  H04-2(CuO,  CO,). 

Carbonate  of  lead,  Pb  O,  C  O,,  occurs  native  as  white  lead 
spar.  Prepared  artificially,  it  is  ceruse,  or  white  lead,  much 
used  as  a  white  pigment.  It  is  formed  b^  the  slow  action  of 
air,  moisture,  and  we  vapour  of  acetic  acid  on  thin  sheets  of 
lead,  by  which  the  metal  is  oxidised  and  carbonated.  It  is 
the  most  poisonous  of  all  the  compounds  of  lead,  and  is  apt  to  be 
formed  when  pure  water  (as  rain  water)  is  kept  in  leaden  cis- 
terns or  conveyed  in  leaden  pipes.  It  is  not  formed,  however, 
when  the  water  contains  even  a  small  proportion  of  saline 
matter,  especially  sulphates.  These  appear  to  protect  the 
metal,  and  render  the  use  of  it  safe. 

SULPHta  SALTS. 

Berzelius  has  shown  that  sulphurets  unite  together,  and 
produce  what  he  calls  sulphur  salts.  The  sulphurets  of  potas- 
sium, sodium,  and  the  strongly  basic  metals  in  general,  aict  the 
part  of  bases  ;  and  the  sulphurets  of  arsenic,  antimony,  molyb- 
denum, &c.,  take  the  parts  of  acids.  Thus  seequisulphuret  of 
arsenic  combines  with  sulphuret  of  potassium,  forming  the 
arsenioHsulphuret  of  potassium,  KS4-  As,  S,,  which  corre- 
sponds to  the  arsenite  of  potash,  K  0  +  As,  O3  ;  and  as  a 
general  rule,  the  sulphur  salts  correspond  to  oxygen  salts,  and 
may  of  course  be  represented  in  two  ways  ;  as,  if  we  make 
the  arsenite  of  potash  K  -h  As,  0^,  the  sulphur  salt  wUl  be 
K  -h  As,  S^.  The  sulphurets  of  hydrogen  and  carbon  are 
sulphur  acids.  The  sulphur  salts,  as  yet,  are  not  of  much 
practical  interest,  although  the  tendency  to  form  them  is 
applied  to  useful  purposes  in  analysis. 

Selenium  and  Tellurium  form  similar  compounds. 
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OUTLINES   OF   CHEMISTRY. 

PART  II. 


ORGANIC   CHEMISTRY. 


INTRODUCTORY. 


Organic  Chbmistby  is  so  called  becaose  it  treats  of  the  sub- 
stances which  fonn  the  stractnre  of  oiganised  beinss,  and  of 
their  prodncts,  whether  animal  or  yegetable.  It  has  long  been 
known,  that  all  oiganised  stmctnres,  as  well  as  all  the  sub- 
stances formed  in  or  by  these,  are,  in  great  part,  composed  of 
a  yeiy  limited  number  of  elements ;  insomuch  that  a  large 
proportion  of  them  may  be  described  as  consisting,  almost 
exclusively,  of  only  four  simple  substances,  namely,  Carbon, 
Hydrogen,  Oxygen,  and  Nitrogen. 

But  wlule  these  four  elenients  undoubtedly  constitute  the 
chief  part  of  all  oiganised  tissues,  and  while  such  products  as 
woody  fibre,  sugar,  starch,  gum,  £at,  oils,  and  many  oiganic 
acids,  contain  only  the  first  three,  that  is,  Carbon,  Hydrogen, 
and  Oxygen,  we  must  not  forget  that  other  elements  occur  in 
the  oiganised  kingdoms  of  nature;  some  of  them,  such  as 
those  of  Phosphate  of  Lime,  in  large  quantity ;  and  all,  whe- 
ther they  occur  in  smaller  or  greater  proportion,  as  truly 
essential  to  animal  and  vegetable  life,  as  the  four  elements 
above  mentioned,  the  predominance  of  which  characterises  the 
oittuiic  world. 

Thus,  no  plant  can  grow,  or  form  cells,  or  even  fibre,  with- 
out the  presence  of  certain  mineral  or  saline  compounds, 
which  are  derived  from  the  soiled  which  when  the  plant  is 
burned,  constitute  its  ashes.  These  are,  Potash,  Soda,  Lime, 
Magnesia,  with,  occasionally,  oxides  of  Iron  and  Manganese, 
as  bases ;  and  Silicie  Add,  Phosphoric  Acid^  Sulphuric  Acid, 
Chlorine  and  Fluorine,  as  acids  and  acid-radicals. 

Again,  the  iuices  of  all  plants,  and  more  especially  their 
roots  and  seeds,  contain  some  one  or  more  of  the  compounds 
known  by  the  names  of  albumen,  fibrine,  and  caseine.    Now 
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these  compounds  contain  small,  bnt  absolately  essential  pro- 
portions of  sulphnr  and  phosphorns,  besides  earthj  and  alkaline 
phosphates. 

Laistly,  the  bones  of  animals  contain  not  onlj  phosphate  of 
lime,  but  also  phosphate  of  magnesia  and  fluoride  of  calcium, 
both  in  yeiy  considerable  quantity ;  and  Iron  is  an  un&iling 
constituent  of  blood. 

To  the  four  elements  first  mentioned,  as  constituting  the 
chief  mass  of  organic  substances,  we  must  therefore  add,  as  no 
less  essential,  although  for  the  most  part  in  smaller  propor- 
tion, the  followinff  metalloids,  Chlorine,  Fluorine,  Sulphur, 
Phosphorus,  and  Silicon;  and  the  following  metals.  Potas- 
sium, Sodium,  Calcium,  Magnesium,  Iron,  and  occasionally 
Manganese. 

It  thus  appears  that  the  fourteen  or  fifteen  elements  which 
constitute  the  chief  mass  of  the  mineral  or  inorganic  world, 
are  almost  the  same  which  occur  in  organised  matter:  the 
di£Ference  being  chiefly  this,  that  in  inoxganic  nature  ihepre- 
dominant  elements,  nearly  in  the  order  of  their  abundance, 
are.  Oxygen,  Hydrogen,  Nitrogen,  Silicon,  Chlorine,  Sodium, 
Aluminum,  Carbon,  and  Iron,  after  which  follow  Potassium^ 
Calcium,  Magnesium,  Sulphur,  Phosphorus,  and  Fluorine; 
while  in  the  oiganic  department  the  oideris  nearly  as  follows : 
Carbon,  Oxygen,  Hydrogen,  Nitrogen,  Potassium,  Calcium, 
Phosphorus,  Silicon,  Sulphur,  Sodium,  Magnesium,  Chlorine, 
Iron,  and  Fluorine.  Aluminum,  so  very  abundant  in  the 
mineral  kingdom,  hardly  ever  occurs  in  on;anic  compounds, 
and  when  it  does  occur,  is  perhaps  accidental. 

The  above  considerations  are  sufilcient  to  show,  that  there 
is  no  essential  distinction  to  be  made  between  organic  and 
inorganic  Chemistry,  founded  on  the  nature  of  the  elements 
concerned. 

Neither  is  there  any  such  distinction  to  be  pointed  out  in 
regard  to  the  laws  of  combination  and  decomposition  which 
prevail  in  these  different  departments  of  chemistry ;  for  we 
find  the  same  affinities  operatm^ ;  and  although  oiganised  tia- 
sues,  and  their  products,  have,  m  general,  a  more  complicated 
constitution  thim  inorganic  compounds,  containing  a  laiip<er 
number  of  equivalentsof  theirelements,and  consequently  havmg 
much  higher  atomic  weights,  we  cannot  consider  such  charac- 
ters as  forming  a  valid  ground  of  distinction. 

But  while  we  should  find  it  very  difficult,  if  not  impossible, 
to  draw  the  line  between  inorganic  and  organic  Chemistry  on 
scientific  principles,  we  may  still  recognise,  for  convenience 
sake^  a  certain  distinction,  founded,  firs^  on  the  origin  of  sub- 
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stances,  whether  animal  and  vegetable,  or  mineral ;  and  secondly, 
on  the  nnifoim  predominance  of  carbon  in  animal  and  vege- 
table matter. 

In  r^erence  to  the  first  point,  it  is  to  be  observed,  that, 
although  the  elements  concerned  are  those  common  to  the 
inorganic  and  organic  kingdoms,  the  com]K>and8  which  con- 
stitute the  latter  are  formed  under  peculiar  circumstances,  such 
as,  for  the  most  part,  cannot  be  imitated  in  our  experiments. 

It  is  true  tiiat  chemistiy  has  succeeded,  in  some  cases,  in 
forming  artificially  certain  compounds  which  occur  as  products 
of  or|;anic  life,  such  as  Urea,  Formic  Acid,  and  Oil  of  Spiraea. 
But,  m  the  first  place,  most,  if  not  all  of  these,  require  for  their 
production  the  aid  of  an  oiganic  product :  thus,  Formic  Acid 
IS  produced  from  Starch,  Oil  of  Spinea  from  Salicine ;  and 
although  Urea  may  be  obtained  from  Cyanic  Acid  and  Ammo- 
nia, it  IS  doubtful  if  either  Cyanogen  or  Ammonia  can  be  ob- 
tained except  from  organic  compounds,  directly  or  indirectly. 
Secondly,  it  is  particularly  to  be  noticed,  that  we  have  not  yet 
succeeded  in  forming,  artificially,  either  an  organised  tissue,  or 
even  any  one  of  the  compounds  (albumen,  &c.)  of  which  such 
tissues  are  made.  Those  organic  compounds  which  have  been 
artificiallv  formed,  are  invariably  products  of  decomposition. 
or,  in  other  words,  the  excretions  or  secretions  of  organised 
bodies:  and  are  far  less  complex  in  their  constitution  than 
organised  structures. 

From  these  facts  we  draw  the  conclusion,  that  certain  cir- 
cumstances, of  which  the  most  important  is  the  'oital  force,  so 
modify  the  play  of  affinities  in  organised  beings,  as  to  produce 
the  compounds  usually  termed  oi^ganic,  which,  so  far  as  they 
are  capable  of  entering  into  the  composition  of  tissues,  cannot 
be  imitated  by  art. 

In  regard  to  the  second  peculiarity  of  orjganic  compounds, 
namely,  the  predominance  of  carbon  in  their  composition,  we 
observe  that,  as  this  carbon  is  united  to  the  three  gases. 
Oxygen,  Hydrogen,  and  Nitrogen,  ;i^ith  each  of  which  it  forms 
gaseous  compounds,  and  as,  further,  the  latter  elements, 
among  themselves,  form  compounds,  such  as  water  and  am- 
monia, which  are  also  volatile,  so  the  action  of  heat  on  organic 
compounds  is  characteristic ;  producing  combustion  of  all,  save 
the  ashes,  when  there  is  free  access  of  air ;  and  charring 
them,  or,  in  other  words,  causing  the  separation  of  part  of 
their  carbon,  in  close  vessels,  while  the  greater  part  is  dissi- 
pated in  the  form  of  volatile  products. 

Here,  then,  we  have  a  ready  test  of  organic  matter,  which 
is  80  characteristic,  that  we  might  almost  define  Oiganic 
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ChemiBtry  as  the  Chemistry  of  sach  componndi  as  are  charred 
when  heated  to  redness  in  close  vessels.  There  are  very  few 
substances,  indeed,  of  organic  origin,  which  do  not  exhibit  this 
character. 

Organic  Chemistry  has  been  defined  as  the  Chemisti^r  of 
Compound  Radicals ;  but,  although  we  must  admit  the  exist- 
ence of  many  such  radicals  in  Oi]^anic  Chemistry,  we  cannot 
adopt  this  definition  in  contradistmction  to  that  of  Inorganic 
Chemistry,  as  the  Chemistry  of  Simple  Radicals,  because  the 
recent  progress  of  science  has  led,  or  almost  compelled  us  to 
admit  tne  existence  of  compound  radicals  in  Inoiganic  Che- 
mistry, as  has  been'  explained  in  the  First  Part  of  tms  work. 

It  IS,  perhaps,  worth  while  to  point  out,  that  all  the  organic 
compound  radicals  hitherto  established,  or  supposed  to  exist, 
are  compounds  of  carbon,  if  we  except  amidogen  (see  p.  68), 
which  contains  only  hydrogen  and  nitrogen. 

It  is  also  proper  here  to  state,  that,  under  the  name  of  oiiganic 
compounds,  many  substances  are  treated  of  which  do  not  occur 
in  nature,  but  which  have  been  obtained  by  subjecting  true 
organic  products  to  yarious  influences :  to  that,  for  example, 
of  heat,  as  in  what  is  called  the  destructiye  distillation,  which 
yields  such  substances  as  naphtha,  naphthaline,  &c. ;  or  to  the 
action  of  chlorine  or  bromine,  of  sulphuric  or  nitric  adds,  of 
alkalies,  &c.,  by  all  which  means  whole  series  of  new  com- 
pounds are  obtained.  Lastly,  some  yeiy  interesting  and  im- 
portant compounds  are  included  under  the  term  oiganic,  which 
arise  from  the  addition  of  elements  not  naturally  occurring  in 
the  organic  kingdom ;  as  for  example,  kakod}rle  and  its  com- 
poundS,  which  contain  arsenic  as  an  essential  constituent; 
and  the  very  singular  bases  in  which  platinum  is  added  to  some 
of  the  usual  elements  of  organic  alkalies. 

But  while,  as  has  just  been  stated,  compound  radicals  are 
not  exclusively  characteristic  of  organic  cnemistry,  we  may 
still  derive  great  assistance  from  attending  to  the  compound 
radicals  of  oiiganic  chemistxy.  For  while  we  admit  the  exist- 
ence of  such  radicals  in  inor^ic  chemistiy,  alon^  with  simple 
radicals,  we  must  bear  in  mind  that  all  the  organic  radicals  as 
yet  discovered  are  compound,  and  many  of  them  exceedingly 
complex,  containing  three  or  four  elements. 

It  is  true  that  we  are  not  yet  act^uainted  with  the  radicals  of 
a  ver^  large  proportion  of  organic  compounds ;  such  as  the 
principal  organic  acids,  the  organic  alkalies,  &c.  But  the 
known  oiganic  radicals  furnish  us  with  the  means  of  classifying 
many  most  important  substances,  just  as  we  classify  the  com- 
pounds of  any  metalloid  or  of  any  metal  together.   As  to  those 
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gronps  or  series  of  organic  componndsy  the  ndieals  of  which 
are  not  jet  known,  we  can  onlj  class  them  according  to  ana* 
logies  of  properties,  of  composition,  or  of  both. 

With  these  introductory  remarks,  we  shall  proceed  to 
consider  the  known  oiganic  componnd  radicals,  and  their 
deriyatives. 

COMPOUND  ORGANIC  BADICALt. 

A  compound  radical  is  a  substance  which,  although  con« 
taining  two  or  more  elements,  enters  into  combination  with 
elementary  bodies  as  if  it  were  itself  elementary,  and  in  ordi- 
nary circumstances  performs  exactly  the  part  of  an  element. 

In  the  First  Part  of  this  work,  we  have  already  admitted  as 
probable  the  existence  of  inoiganic  compound  ramcals,  such  as 
SO4,  the  radical  of  sulphuric  acid,  and  N0«,  that  of  nitric 
acid.  These  bodies  are,  in  their  rdations  to  others,  entirely 
analogous  to  chlorine.  Thus  we  may  represent  the  addB 
of  these  three  radicals,  with  their  potassium  and  silver  salts  as 
follows : — 


, 

Add. 

PoUaaiiim 
Baft. 

BiltvSalt. 

Chlorine 
Radicals        8  0« 
N0« 

H  +  Cl 
H  +  8O4 
H  +  NOe 

K  +  Cl 
K  +  SO4 
K  +  NOe 

Ag+a 

Ag  +  S04 

Ag  +  NOe 

The  compound  inoiganic  radicals,  S0«  and  NOe,  there- 
fore, perform  exactly  the  part  of  a  metalloid  of  the  group  of 
chlorine. 

But  there  have  also  been  briefly  mentioned,  in  the  First  Part, 
certain  compound  organic  radicals,  which  not  only  exhibit,  in 
their  relations,  chan^rs  analogous  to  those  of  chlorine,  but 
actually  exist,  like  chlorine,  in  the  separate  state,  which  is  not 
the  case  with  SO4  and  NOe,  these  latter  being  only  known 
in  combination. 

The  oiganic  radicals  here  alluded  to  are  Cyanogen,  Ct  N= 
Gy,  and  Mellone  Ce  N4=Me  (see  Part  I.,  p.  128).  They  may 
be  compared  to  chlorine  exactly  like  the  two  above-mentioned 
inoigamc  compound  radicals.    Thus, 


r  Chlorine  CI 
Radicals  •  Cyanogen  Cy 
[Mellone  Me 

Add. 

Potaadum 

Salt. 

SOtar&at. 

H+a 

H  +  Cy 

H  +  Me 

K+a 

K  +  Cy 

K  +  Me 

Ag+a 

Ag  +  Cy 
Ag+Me 
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Cyanogen  and  Mellone  are,  therefore,  radicals  of  the  nature 
of  the  cnloiine  group  of  metalloids.  The  bisulphuret  of  cjran- 
ogen,  or  sulphocyanogen,  €»  N  S«=Gy  S«,  although  it  con- 
tains three  elements,  plays  the  same  part  as  chlorine  or  cyan- 
ogen, and  forms  with  hydrogen  the  acid  H  -f  ^y  S*)  ^^ 
gotassium  the  salt  K  -H  Cy  Sa,  and  with  silver  the  salt  Ag  + 
y  Sa, 

Some  compound  organic  radicals  appear  more  analogous  to 
the  combustible  group  of  metalloids,  that  is,  to  carbon,  sul- 
phur, or  phosphorus ;  inasmuch  as  they  fonn  acids  with 
osygen,  or  rather  with  the  elements  of  water  like  those  metal- 
loids, and  are  besides  capable  of  entering  inte  combination 
with  chlorine,  iodine,  &c.  Such  radicals  are  carbonic  oxide, 
C  0,  or  rather  an  isomeric  modification  of  it,  Ca  Oa;  aoetyle, 
C4  Hj  ;  and  formyle,  Ga  H.  Each  of  these  may  be  yiewed  as 
the  radical  of  a  powerful  add ;  for  Ca  Oa  -f  0=C«  Oa  is  dry 
oxalic  acid  ;  C4  Hs  -|-  Oa  is  dry  acetic  acid  ;  and  Ca  H  -h  Oa 
is  diy  formic  acid.  Again,  the  first  foims  with  chlorine  the 
compound  Ca  Oa  -f  Cla,  called  phosgene  gas  or  chlorocarbonic 
acid,  while  the  two  others  yield  C4  Ht  +  CI,  the  chloride  of 
acetyle,  and  Ca  H  -f  CIj,  the  perchloride  of  formyle. 

Further,  there  are  organic  compound  radicals  which  play  the 
part  of  metals,  forming  salte  with  chlorine,  iodine,  sulphur, 
cyanogen,  &c.,  and  yielding,  with  oxygen,  compounds  possess- 
ing basic  properties  analogous  to  mose  of  metallic  oxides. 
Such  radicals  are  ethyle,  C4  Ha,  methyle,  Ca  Ha,  and  kako* 
dyle,  C4  Ha  Asa. 


i                                                                                                                       A 

Radleab. 

Oxygen       Chlorine 
Compound.  Compound. 

Cyanogen 
Compound. 

Bolpbar 
Compoood. 

Etbyle  C4  H»=Ae 
1  Methyle  Ca  H.=Mt 
KakodyleC4H6A8a=Kd 

AeO 
MtO 
KdO 

AeCl 
Ml  CI 
KdCl 

AeCy 
MtCy 
KdCy 

AeS 
HtS 
KdS 

Lastly,  there  are  some  compound  organic  radicals,  which 
partake  of  the  chantcters  of  tiie  two  last  sroups,  forming,  like 
the  acetyle  group,  acids  and  not  bases  with  oxygen;  but  yield- 
ing, with  cmoiine,  sulphur,  cyanogen,  &c.,  compounds  analo- 
gous te  those  formed  oy  the  ethyle  ^up.  To  this  diyision 
belong  Benzoyle,  Ct4  Ha  Oa=Bz ;  Cinnamyle,  Ci  •  He  Oa= 
Ci ;  and  seyeral  othere.  Benzoyle  and  cinnamyle,  with  the 
addition  of  oxygen  and  the  elements  of  water,  produce  benzoic 
add,  Bz  0,  HO,  and  cinnamic  acid,  Ci  0,  HO.  This  ((roup  is 
characterised  by  forming  with  hydrogen  certain  essential  oils. 
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Thas^benxoyle  yields,  with  hydrogen,  the  essential  oil  of  bitter 
almonds,  Bz  H  ;  cinnamyle  yields  the  oil  of  cinnamon,  Ci  H  ; 
and  salicyle,  Ci4  Hs  04=Sa,  another  radical  of  this  gronp, 
fonns,  with  hydrogen,  the  oil  of  spirsea,  Sa  H. 

These  brief  statements  wiU  serve  to  show  that  there  are  dif- 
ferent kinds  or  gionps  of  compound  radicals,  just  as  there  are 
of  simple  ones ;  and  farther,  that  these  compound  radicals 
exhibit  a  very  remarkable  tendency  to  combine  with  simple 
radicals,  and,  in  fact,  to  act  the  part  of  elementary  bodies. 
And  let  us  here  bear  in  mind  that  tne  only  real  difference,  in 
this  point  of  view,  between  cyanogen  and  chlorine  is  this,  that 
in  the  case  of  the  former  we  can  prove  the  radical  to  be  com- 
pound, while  we  cannot  as  yet  do  this  in  the  case  of  the  latter. 
But,  as  fonnerly  pointed  out,  we  call  chlorine,  and  indeed  all 
other  elements  simple,  only  because  we  have  not  been  able  to 
show  them  to  be  compKonna;  without  having  any  certainty  that 
they  are  really  and  araolutely  simple.  If  we  could  not  resolve 
cyanogen  into  carbon  and  nitrogen,  we  should  be  compelled  to 
add  it  to  the  list  of  elements. 

But  although  compound  radicals  usually  act  towards  other 
bodies  as  if  simple,  and  consequently  combine  ^nerallv  with 
simple  substances,  they  axe  also  capable  of  uniUng  with  each 
other.  In  fiict,  this  is  but  another  proof  of  their  close  resem- 
blance to  elementaiy  bodies  in. their  relations  ;  for  as  simple 
metals,  such  as  potassium  and  silver,  unite  with  cyanogen  just 
as  with  chlorine,  so  also  such  compound  radicals  as  are  analo- 
gous to  metals  can  combine  with  cyanc^n,  itself  a  compound 
radical.  Thus  ethyle,  methyle,  bcmzoyle,  and  kakodyle  all 
combine  with  cyanogen,  yielding  compounds  fonned  of  two 
oiganic  radicals,  one  playing  the  part  of  a  metalloid,  the  other 
that  of  a  metal. 

Compounds  of  this  nature  famish  the  veiy  best  proof  and 
illustration  of  the  advantages  which  we  denve  from  the  doc- 
trine of  compound  radicals,  acting  Uke  elements,  whenever  we 
are  justified  by  facts  in  adopting  and  applying  it.  Thus  a 
compound  has  been  formed  by  the  mutual  action  of  a  com- 
pound of  kakodyle  and  a  compound  of  cyanogen,  the  analysis 
of  which  proves  that  it  contains  carbon,  hyarosen,  nitrogen, 
and  arsenic,  in  the  relative  proportions  indicated  by  the  for- 
mula G«  Ha  N  Asa .  What  view  are  we  to  take  of  such  a  for- 
mula? and  if  we  look  on  the  compound  as  one  formed  of  these 
four  elements  indiscriminately  united,  how  are  we  to  retain 
such  an  isolated  fact  in  the  memory  ?  But  if,  on  the  other 
hand,  we  view  it  as  the  cyanide  of  kakodyle,=C4  H«  As«  -f 
C*  N,  or,  using  the  abbreviated  notation  appropriate  to  com- 
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pound  radicals,  Kd  Cy,  we  are  at  once  enabled  ^  retain  ihe 
composition  and  chemical  relations  of  the  compound.  More* 
over,  when  we  find  that  the  radical,  Kd  (=€4  H«  As*)  exists 
in  a  separate  form,  and  that  it  forms,  with  oxygen^  two  com- 

gmnds,  Kd  0  and  Kd  Os ;  with  chlorine,  Kd Cl;  with  sulphur, 
d  S  ;  and  that,  in  short  it  nlays  the  part  of  a  metal  in  all  its 
compounds,  and  may  in  fact  be  separated  from  some  of  these 
by  metals  having  stronger  afiinities  than  itself,  we  are  supplied 
with  an  idea  which  serves  to  coimect  and  to  fix  all  these  and 
many  more  analogous  facts  in  the  memory. 

When  we  further  observe,  to  pursue  the  same  example,  that 
the  cjanide  of  kakodyle,  Kd  Oy,  when  acted  on  by  hydro- 
chlonc  acid,  gives  rise  to  hydrocyanic  acid  and  chloride  of  kako- 
dyle ;  and  that,  when  acted  on  by  potash,  it  yields  cyanide  of 
potassium  and  oxide  of  kakodyle,  we  acquire  so  many  addi- 
tional proofs  of  the  entire  analogy  between  simple  and  com- 
pound radicals  in  their  relations  to  other  bodies.  For  the  two 
changes* or  reactions  above  mentioned  axe  expressed  by  the 
equations,  KdCy -h  H Cl  =  KdClH-  H Cy ;  andKdCy-|- K 0 
=  Kd  0  Hh  K  Cy ;  and  these  equations  are  exactly  similar  to 
those  which  occur  most  frequently  in  inorganic  chemistry. 

The  facts  already  ascertained  with  resard  to  those  compound 
organic  radicals,  whose  existence  has  been  either  established, 
or  rendered  highly  probable,  entitle  us  to  conclude  that  all 
organic  compounds  contain  one  or  more  organic  radicals,  com- 
bined either  with  each  other,  or  with  elementary  radicals,  in 
studying,  therefore,  any  orgsmic  product,  one  chief  object  is  to 
determine  what  oigamc  radical  or  radicals  it  contains,  since 
the  knowledge  of  these  at  once  gives  us  a  means  of  classification. 

Thus  alconol,  on  the  theory  of  compound  radicals,  is  con- 
sidered as  the  hydrated  oxide  of  etnyle;  ethyle  being  an 
oi^ganic  radical,  G«  Hs«  So  that  alcohol,  O4  H«  0«  is  more 
accumtely  represented  as  (C«  Hs)  0+H  0 ;  or,  if  we  represent 
ethyle,  C«  Hi,  by  Ae,  then  aJcohol  becomes  Ae  0,  H  0, 
hydrated  oxide  of  ethyle ;  perfectly  analogous  to  K  0,  H  O, 
hydrated  oxide  of  potassium,  or  caustic  potash. 

Again,  benzoic  ether,  Ci  s  Hi 0  O4,  is  viewed  as  benzoate  of 
oxide  of  ethyle,  C4  H«  0  -h  C»  4  Hs  Oj  ;  or,  more  briefly,  Ae 
O  +  Bz  0.  Here  we  have  the  basic  oxide  of  one  radical 
united  with  the  acid  oxide  of  another. 

It  Lb  often  by  means  of  thus  tracing  the  difierent  organic 
radicals,  that  we  are  enabled  to  explain  the  ver^  nume- 
rous cases  of  isomerism,  which  occur  in  organic  cfaemistiy. 
Thus,  the  following  compounds  have  the  same  composition  in 
100  parte:— 
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Aldehyde  •  .  •  •  C4H4  0fl 
Acetic  Ether  .  .  .  .  CeHaO^ 
Butyric  Acid      .    •    .     Ca  Ha  O4 

Now,  aldehyde  is  considered  to  be  the  hydrated  protoxide  of 
acetyle,  (C«  Ha)  0  -f  H  0  ;  or,  abbreviated,  Ac  0,  H  0. 
Again,  acetic  ether  is  acetate  of  oxide  of  ethyle,  C4  Hi  O  + 
(C*  Ha)  Oj  ;  or.  shortly,  Ae  0,  Ac  O3  ;  the  dry  acetic  acid, 
Ac03=  rCiH*)  O3,  being  a  peroxide  of  the  same  radical, 
acetyle,  (C4H3=:Ac)  of  whidi  aldehyde  is  the  protoxide. 
Lastly,  bat3nric  acid  is  considered  (on  the  older  yiew  of  acids,) 
as  a  berated  acid,  a  compound  of  water  with  dry  bntjric  acid ; 
thus,  HO  +  CaHrOa.  Itis  true,  that,  in  the  latter  case,  we 
are  not  yet  acquainted  with  the  true  radical  of  butyric  acid ; 
but,  we  cannot  doubt  that,  like  acetic  acid,  it  does  contain  a 
radical.  These  three  compounds,  therefore,  may  now  be  repre- 
sented and  distinguished  as  followB  :-* 

Bmpiiical  Formiila.  Rational  Fonnnla. 

Aldehyde  .    .    C4H40a  =  (C4H8)  O   +   HO 
Acetic  Ether.     CaH804  =  (G4H0)  O   +   (C4  H8)08 
Butyric  Acid.    G8H8O4  ==  GaHTOs      +   HO 

Eyen  in  those  cases  in  which  the  composition  of  the  radical 
is  not  known,  or  not  known  with  certainty,  we  can  often  trace 
the  radical  with  much  probability.  Thus,  dry  oxalic  acid, 
Ca  Os,  and  drj  mellitic  acid,  C4  Oa,  may  be  yiewed  as 
different  compounds  of  the  simple  radical  carbon^  the  latter 
containing  just  twice  the  proportion  of  carbon  to  the  same 
quantity  of  oxygen  that  the  former  does.  This  is  merely 
stated  by  way  of  illustration :  for,  it  is  at  least  equally  pro- 
bable tliat  the  true  radical  of  oxalic  acid  is  Ct  Ot. 

But  in  the  following  four  acids  we  may  trace,  theoretically, 
the  same  compound  rsulical,  namely,  fonnyle,=:C3  H,  in  com- 
bination with  different  proportions  of  oxygen.  Here  C»  H  is 
also  represented  by  Fo. 

Formic  Acid  (CaH)       +   Oa   »  Fo  Oa 

Succinic  Acid  C4Ha0a  =  2  (CaH)  +  Oa  =  FoaOa 

Malic  Acid  C4Ha04  =  2  (CaH)  +  04  =  Foa04 

RacemicAcid  C4Ha05  =:  2  (CaH)  +  Oa  =  FoaOa 

These  relations,  although  as  yet  only  to  be  traced  in  the 
formulas,  are  yet  not  without  interest,  and  may,  at  all  eyents, 
lerye  to  aid  the  memory. 

In  like  manner,  it  may  be  obseryed,  that  the  following  acids 
all  contain,  as  hydrates,  4  eq.  of  oxygen  ;  and  all  likewise  the 
same  number  of  eqs.  of  carbon  as  of  hydbrogen. 
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1.  Acetic  Acid 


C4    H*    04  =  C4    Ha    Os,  HO 


Ce  He  04  =  C«  Hs  Os,  HO 
Cs  H«  04  =  Ct  Ht  Os,HO 
CioHio04=:CioH9  0$,  HO 
Cia  Hia  04  =  Ci8  H,  1  Oa,  HO 
Ci4  Hi4  04  =  Ci4  Hi.  Os,  HO 
Ci6  Hie  04  =  Gi6  Hid  Os,  HO 
Ci8  His  04  =  Ci8  Hit  Ot,  HO 
.  Cao  Hao  O4  =  Cso  H19  Os,  HO 
*  •  *  *  • 

C24  Ht4  O4  =:  C24  H28  Os,  HO 
C20  H26  O4  =  C20  Has  Ot,  HO 
G28  H28  O4  =  G28  H27  Os,  HO 


2.  MetAcetonic  Acid    , 

3.  ButTric  Acid 

4.  Vsleriaxuc  Acid   . 
6.  Gaproic  Acid       .     , 

6.  (Enanthylic  Acid 

7.  CaprylicAcid 

8.  Pelargonic  Acid.. 

9.  Gapric  Acid    •     . 

10.  ♦  ♦  * 

11.  Laurie  Acid    .    . 

12.  Gocinic  Acid 
IS.  MTTiBtic  Add 

15.  Palmitic  and  Ethalic  Acids  Gsa  Hsa  O4  =  Gs2  Ha  1  Os,  HO 

16.  Margaric  Acid    .     .     .     .  Gs4  Hs4  O4  =:  Gs4  Hss  Os,  HO 

Here  we  may  sappose  the  radical  of  the  first  acid  to  have  been 
changed  by  the  successive  additions  of  2, 4, 6, 10,  or  20,  or  more 
eqs.  of  carbon  and  hydrogen,  the  oxygen  remaining  unchanged. 
Or  we  may  as  readily  suppose  one  of  these  acids,  by  losing 
oxygen,  to  pass  into  another.  Thus  we  may  either  conceive 
butyric  acid  to  be  formed  from  acetic  acid  by  the  addition  of 
C4  H4  ;  or  acetic  acid  to  give  rise  to  butyric  acid,  by  losing 
half  its  oxygen  ;  for  2  (C«  H4  04)=Cs  Hs  Os ;  and  Cs  HsOs 

— 04=Cs  Hs   O4. 

When  compound  organic  radicals,  or  their  compounds,  are 
subjected  to  powerful  decomposing  agencies,  they  tend  to  pro- 
duce new  and  less  complex  radicals.  Thus,  when  alcohol,  the 
hydrated  oxide  of  ethyle,  is  oxidised,  it  gives  rise  to  aldehyde 
and  acetic  acid,  which  are  compounds  of  acetyle,  C4  H  j,  a  len 
complex  radical  than  ethyle,  C4  Hs .  Further,  when  organic 
compounds  are  decomposed  by  a  strong  heat,  they  tend  to 
produce  compounds  of  simple  radicals,  such  as  carbon  or 
hydrogen,  or,  at  most,  of  the  least  complex  radicals,  such  as 
cyanogen,  C«  N,  and  amidogen,  NHt.  These  are  principles 
of  veiy  general  application. 

It  may  here  be  observed,  that  while,  in  such  cases  as  the 
supposed  conversion  of  acetic  into  butyric  acid,  by  the  /on  of 
half  its  oxygen,  the  change  is  from  a  less  complex  to  a  more 
complex  organic  compound,  and  while  we  can  hardly  doubt 
the  possibility  of  such  a  result,  yet  the  oxidaUon  of  a  com- 
pound radical,  that  is,  the  addition  of  oxygen,  appears  always 
to  produce  less  complex  radicals  or  compounds. 

It  is  often  urged,  as  an  argument  against  the  doctrine  of 
compound  radicals,  that  these  supposed  radicals  an  entirely 
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JmaginaTy,  and  cannot  be  produced.  Now,  it  is  trae,  that  a 
large  proportion  of  those,  whose  existence  is  best  attested, 
have  not  yet  been  obtained  in  the  nncombined  state  ;  and  it 
18  even  probable  that  some  of  them  are  only  capable  of  exist* 
ing,  or  rather  of  being  preserved,  when  combined.  Bat  the 
aigiiment  founded  on  tibia  fact  has  no  cogency;  for,  in  the 
first  place,  some  organic  radicals,  such  as  cyanogen  and 
kakodyle,  are  well  known  in  the  separate  state.  Now  cyan- 
ogen and  kakodyle  are,  in  all  their  relations,  exactly  analogous, 
the  former  to  cluorine,  the  latter  to  a  metal ;  and,  if  we  were 
unable  to  demonstrate  their  compound  nature,  their  chemical 
relations  would  compel  us  to  classi^  cyanoffen  as  an  element 
along  with  chlorine,  and  kakodyle  along  with  the  metals ;  and 
when  we  see  whole  series  of  oiganic  compounds,  in  all  respects 
analogous  to  those  of  cyanogen  and  kakodyle,  we  are  entitled 
logically  to  draw  the  conclusion  ih^these  compounds  contain 
similar  compound  radicals,  eveijPpthough  we  cannot  isolate 
them.  Secondly,  in  every  chemical  uieory  yet  broached, 
many  substances  are  admitted  ^ose  existence  cannot  be 
directly  proved.  Thus,  the  so-called  anhydrous  oiganic  acids 
are,  almost  without  exception,  unknown  in  the  separate  state ; 
they  are  equally  imaginary  with  the  radicals  whose  existence 
is  doubted.  Nay,  many  inor^ic  acids  are  equally  hypo- 
thetical. Anhydrous  nitric  acid  ias  never  been  seen ;  and, 
although  there  are  reasons  for  doubting  its  existence,  yet  no 
one  doubts  the  existence  of  hyposulphurous  acid,  which  yet 
has  never  been  separated,  either  as  a  hydrate,  or  in  the  an- 
hydrous state. 

We  conclude,  therefore,  that  oiganic  compound  radicals 
exist,  and  cenerally  pby  the  part  of  elements ;  and  we  shall 
avail  ourselves  of  their  existence,  as  far  as  it  is  established, 
to  facilitate  the  study,  the  classification,  and  the  retention  in 
the  memory,  of  organic  compounds. 

THEORY  OF  CHBHICAL  TYPKS. — DOCTRINE  OF  SUBSTITUTION. 

The  original  and  ingenious  researches  of  Laurent  have  led 
to  the  adoption  of  what  is  called  the  Theory  of  Types  and  the 
Law  or  Doctrine  of  Substitution,  which  have  been  supported, 
and  in  a  great  measure  established,  by  Dumas  and  other  distin- 
guished experimenters  of  the  French  school.  The  views  of 
Laurent  and  of  Dumas  were,  for  a  time,  vehemently  opposed  by 
some  chemists,  especially  by  Berzelius  and  Liebig;  but 
although  they  have  in  some  points  been  modified  and 
restricted,  the  progress  of  discoveiy  has  gradually  led  to  their 
general  reception,  so  that  recently  some  of  the  most  striking 
lUnstrations  and  proofs  of  the  law  of  substitution  have  been 
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discoyered  by  Dr.  Hofiman^  assistant  to  Baron  liebig,  and 
working  under  his  eye. 

As  the  subject,  therefore,  is  no  longer  purely  controvendal, 
it  would  be  wrons  to  omit  it  in  an  elementary  work,  mors 
especially  as  the  doctrine  has  now  taken  such  a  form  as  to 
facilitate  yeiy  much  the  study  of  organic  compounds  and  of 
their  metamorphoses. 

It  is  not  easy  to  define  a  chemical  type  ;  but  in  inoiganic 
chemistry  we  may  say,  for  example,  that  hydrochloric  acid,  H  CI, 
is  the  tjpe  of  a  yery  numerous  class  of  acids,  the  character  of 
which  IS  that  they  contain  hydrogen  united  to  a  salt  radical. 

If  for  chlorine  we  substitute  iodise,  bromine,  &c.,  or  eyen 
cyanogen,  the  type  remains  unchanged,  the  comnound  is  still 
an  acid,  analogous  to  that  which  was  selected  as  tne  type. 

Again,  common  salt,  Na  C^  is  the  type  of  a  yery  larse 
series  of  salts,  in  which  <U^B  is  united  with  a  salt  radicsl ; 
and  if  we  substitute  potafllK^  lead,  or  silyer  for  the  sodium, 
tiie  type  is  unaltered ;  we  obtain  a  different  salt,  but  still  a 
salt  of  the  type  represent^  by  Na  CI. 

Here,  then,  we  hat^  tlfe  simplest  types  and  the  most 
obvious  cases  of  substitution;  when  iodine  or  cyanogen  is 
substituted  for  chlorine  in  the  acid  t3rpe ;  or  when  potassium, 
lead,  or  silyer  is  substituted  for  sodium  in  the  salt  type ;  in 
both  cases  without  the  loss  of  the  type. 

Nay  in  the  salt  type,  represented  by  Na  CI,  we  may  not 
only  replace  sodium  by  other  metals,  out  we  may  also  sub- 
stitute iodin^  bromine,  etc.,  or  cyanoffen  for  the  chlorine, 
and  still  the  type  will  remain  unchanged.  Iodide  of  sodium, 
Na  I,  bromide  of  magnesium,  Ms  Br  and  cyanide  of  silver, 
Aj;  Qr,  are  all  as  good  examples  of  the  salt  type  represented  by 
Na'  CI,  as  common  salt  itself  is. 

It  has  been  proposed,  with  great  propriety,  by  Bsudrimont, 
to  employ  certain  Greek  characters  as  symbols  in  representing 
the  formuisB  of  extensive  types  or  of  types  in  general.  I  shaU, 
therefore,  express  the  above  salt  t3ri>e  by  the  formula  AX,  in 
which  A  stands  for  any  metal  or  body  acting  as  a  metal,  and 
X  for  chlorine  or  any  other  radical  of  analogous  power,  such 
as  cyanogen.  As  hydrogen  appears  to  stand  alone  in  the 
power  of  forming  acids  with  bodies  of  the  t3rpe  X,  the  add 
type  above  alluded  to  becomes,  in  its  most  general  foim,  HX. 

But  while  it  is  very  easy  to  understand  the  extensive  sub- 
stitutions which  may  be  effected  in  the  case  of  both  elements 
of  the  type  A  X,  yet  we  observe  that  in  these  substitutions  the 
electrical  character  of  the  elements  is  retained;  and  that  as  A 
is  the  positive,  and  x  is  the  negative  element,  so  they  are  only 
replaced,  A  by  positive  and  X  by  negative  elements  respectively. 
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So  far  as  moiganic  chemistiy  is  concerned,  the  study  of 
types  would  serve  generally  to  confirm  and  establish  the 
electro-chemical  theory.  At  all  events,  we  are  not  as  yet 
acquainted  with  many  exceptions  to  it ;  we  do  not  nsndly 
find  oxygen  or  chlorine  occupying  the  place  of  A  in  a  com- 
pound, or  a  metal  phwing  the  part  of  X.  Even  in  inorganic 
chemistiy,  however,  there  are  some  examples  of  such  inter- 
changes. Manganese  in  manganic  acid,  Mn  Os,  and  chromium 
in  chromic  acid,  Cr  Oa,  obviously  represent  the  sulphur  in  sul- 
phuric acid ;  and  the  manganese  in  hypermanganic  acid,  Mn* 
O7  represents  the  chlorine  in  perchlonc  acid,  CI  Or ;  while, 
in  its  other  compounds,  manganese  acts  as  a  metal. 

But  the  researches  of  Laurent  and  Dumas  have  shown  that 
in  oiganic  chemistry  the  substitution  of  one  element  for 
another,  even  where  the  tvpe  is  retained,  is  not  limited  by 
the  electrical  character  of  the  eleD|H^.  Thus,  in  acetic  acid, 
H  0,  C4  Ha  O3,  the  3  eq.  of  hyd^jPn  in  the  anhydrous  acid 
may  be  replaced  by  chlorine,  giving  rise  to  the  compound 
HO,  C4dlj  Oj,in  which  the  typ^^is  so  little  effected,  that 
this  substance,  chloracetic  acid,  has  properties  highly  analo- 
gous to  those  of  acetic  add.  Here  it  is  e'vident  that  uie  chlorine 
performs  the  same  function  as  the  hydrogen  which  it  replaces 
did  ;  and  not,  as  in  hydrochloric  acid,  an  opposite  function. 

Again,  in  aldehyde,  (Ci  Ha)  0-HH  0,  tne  3  eq.  of  hydrogen 
in  the  radical  C4H3  may  be  replaced  by  3  eq.  of  chlorine,  and 
we  then  have  chloral,  (C4  Cl3)0-)-H0,  a  body  of  the  same 
type  as  aldehyde. 

Such  cases  of  .substitution  of  chlorine  (iodine,  bromine,  &c.,) 
for  hydrogen,  and  even  of  oxygen  for  hydrogen,  without 
change  of  type,  are  very  frequent ;  and  it  is  this  kind  of  sub- 
stitution, so  adverse  t<^  the  electro-chemical  theory,  which  is 
included  in  the  theory  of  substitutions  of  Laurent.  Those 
more  usual  substitutions,  where  one  body  is  replaced  by 
another  of  similar  electric  character,  may  be  viewed  as  so 
many  examples  of  the  doctrine  of  equivalents,  the  replacing 
body  being  equivalent  to  that  for  wmch  it  is  substituted,  on 
the  electro-chemical  theoiy. 

Adopting,  then,  the  views  of  Laurent,  we  are  compelled  to 
admit  that  the  electro -chemical  theory  fails  when  applied  to 
cases  of  substitution  of  chlorine  for  hydrogen,  &c.,  where  the 
type  remains  unaltered.  This  is  clearly  the  case  in  acetic  and 
chlotacetic  acids ;  and  Hoffman  has  recently  shown  that  in 
certain  basic  organic  compounds,  hydrogen  may  be  replaced  by 
chlorine,  while  the  new  compound  retains  the  basic  type  and 
characters.    Aldehyde  and  chloral  furnish  an  example  of  the 

e,  in  a  body  neither  acid  nor  basic. 


264  THEORT  OF  CHEUIGAL  TTPB8. 

Here,  then,  is  a  fact  of  veiy  general  occorrence,  wliich  not 
only  proves  tnat  the  electro-chemical  theory  of  combination  is 
inapplicable,  at  all  events  in  many  cases,  bat  also  tends  to 
establish  a  very  different  view :  namely,  that  the  electric  cha- 
racter of  an  element  is  no  permanent  or  essential  property ; 
and  that  the  type  or  character,  or  general  properties  of  a  com- 
pound, depend,  not  on  the  nature,  but  solely  on  the  arran^ 
merU  of  its  elementary  atoms  ;  on  the  way  in  which  they  are 
grouped  to  form  the  compound  molecule. 

The  reader  will  remember  that,  in  the  section  on  Isomor- 
phism, the  principle  was  laid  down  that  the  crystalline  form  of 
certain  types  of  salts,  such  as  the  alum  type,  as  well  as  many 
other  properties  of  the  compounds  having  those  types^  were 
the  result  of  the  similar  grouping  of  analogoua  elemmU.  We 
now  see  that,  according  to  the  law  of  substitution,  as  deduced 
from  numerous  careful  ohaervations,  similarity  of  properties, 
or  identitv  of  type,  are^flb  result  of  similarity  of  grouping, 
even  of  elements  not  analogous,  nay,  of  elements  electrically 
opposed  to  each  other.  It  is  evident,  therefore,  that  the  ar- 
rangement of  the  elementary  molecules  to  form  the  compound 
molecule  is  the  circumstance  on  which  depend  almost  exclu- 
sively the  properties  of  the  compound,  or,  m  other  words,  the 
character  of  the  t3rpe. 

Substitution  may  be  either  complete  or  partial.  In  chlor- 
acetic  acid,  and  in  chloral,  the  substitution  of  chlorine  for  the 
hydrogen  of  the  radical  acetyle  C4  Hj  is  complete.  But  when 
ether  (C4  Hs)  O  is  acted  on  by  chlorine,  the  substitution 
takes  place  by  successive  steps,  one  equivalent  of  hydrogen 
being  replaced  at  a  time,  after  the  oxygen  has  also  been 
replaced  by  chlorine.    Thus  we  have,  first — 

Ether  or  oxide  of  ethyle   = 
then,  chloride  of  ethyle = 

then,  Buccessively, 


andlaetly,  (C4CU)  +  C1 

We  thus  obtain  the  series  of  compounds  here  indicated,  in 
which  the  hydrogen  is  gradually  replaced  by  chlorine,  untU  at 
last  we  obtain  the  compound  (C*  Cls)-f  C1=C4  Cla=2C.Ch, 
which  is  the  perchloride  of  carbon.  Most  of  these  compounds 
have  actually  been  obtained ;  and  it  is  obvious  that  they  may 
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all  be  referred  to  one  type.  Sucb  a  series  is  called  a  series  of 
mechanical  examples  of  the  type  in  question,  or  rather  of 
subtjrpes  retaining  the  original  character  although  modified. 

In  some  cases,  hydrogen  has  been  replaced  partly  by  chlorine, 
and  partly  by  bromine.  Laurent  has  described  two  compounds 
derived  from  naphthaline  by  substitution,  the  empirical  formula 
for  both  of  which  is  the  following  :— Cso  H4  CIj  Br.  Yet  the 
properties  of  these  two  compounds  are  quite  distinct,  and  it  is 
certain  that  this  di£ference  of  properties  must  depend  on  a  dif- 
ference in  the  arrangement  of  the  elements.  Now,  in  the 
formation  of  these  two  comnounds  we  have  a  very  beautiful 
proof  of  the  existence  of  a  difference  in  the  arrangement :  for 
one  is  produced  when  chlorine  acts  on  the  compound  called  by 
Laurent  bronaphtese,  Cto  H«  Br*  ;  while  the  other  is  formed 
when  bromine  is  made  to  act  on  chlonaphtise,  CtoHsCh.  It 
is  obvious  that  in  the  first  case  2  eq.  of  hydrogen  and  I  eq.  of 
bromine  are  replaced  by  chlorine  ;  uniile  in  the  second,  1  eq.  of 
hydrogen  is  replaced  by  bromine.  While,  therefore,  all  four 
compounds  may  he  deduced  from  the  type  C90  H«,  and  while 
both  the  bromine  and  chlorine  play  the  part  of  hy<kogen,  it  is 
impossible  to  doubt  that  each  of  Uie  8  eq.  of  hydrogen  has  its 
special  place  in  the  compound  molecule  of  the  type,  and  that,  in 
the  two  empiricaUy  identical  foimulae  above  given,  the  1  eq.  of 
bromine  does  not  replace  the  same  eq.  of  hydrogen,  and  con- 
sequently the  bromine  occupies  in  the  two  compounds  different 
positions.    The  same  remark  applies  to  the  3  eq.  of  chlorine. 

We  may  illustrate  our  meaning  as  foUows  : — Let  Cto  Hs  be 
the  type,  and  let  each  of  the  eqs.  of  hydrogen  have  a  number 
attached  indicating  its  place  in  tne  tjrpical  molecule.  We  shall 
then  have 

^      JHiHaH.  H4I 
^^°  \H»H«H7H8/ 

Now,  if  we  represent  the  two  compounds  above  mentioned  in 
the  following  manner,  we  can  then  conceive  the  influence  of 
arrangement  on  the  properties  of  two  compounds  having  the 
same  empirical  formula.    The  first  may  be 

^        fHiHaHaH*! 
^'"^  tChCUCbBr./ 

and  the  second  may  be 

^       rHiH2HsBr4"l 

^•^^  tcUCl.CbHe/ 

It  is  only  on  this  principle  that  we  can  explain  the  facts 
observed  by  Laurent;  and  it  is  easy  to  see  that  the  aboye 
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type,  G«o  Hs,  will  admit  of  innumerable  modifications;  for 
even  the  subtype,  Cto  H«  Cis  Br.  is  capable  of  yielding  many 
more  than  the  two  above  ffiven  ;  and  the  change  of  1  eq.  pro- 
duces a  new  subtype,  equally  fertile  in  new  forms. 

In  fEict,  Laurent  has  actually  obtained,  as  will  be  shown  fur- 
ther on,  a  very  large  number  of  what  we  have  called  subtjrpes 
from  the  type  C«  o  Hs,  which  is  naphthaline, and  has  established 
the  same  law  in  reference  to  many  other  types. 

The  preceding  observations  will,  I  trust,  be  found  suffident 
to  convey  a  clear  general  notion  of  the  prevalent  doctrines  of 
chemical  types  and  of  substitution,  as  applied  to  organic 
chemistry.  It  is  evident  that  the  facts  of  substitution  are  of 
great  interest,  and  not  only  enable  us  to  classify  and  to 
remember  numerous  complex  facts,  but  promise  to  throw 
much  light  on  the  molecular  constitution  of  compound  bodies. 
But  while  admitting  the  importance  of  the  doctnne  of  substi- 
tution, it  is  necessary  to  point  out  that  the  French  chemists 
appear  to  have  gone  too  far  in  assuming  that  this  doctrine  is 
incompatible  with  that  of  compound  radicals.  It  is  certain 
that  some  compound  radicals  exist,  and  it  is  no  less  certain 
that  by  assuming  their  existence  in  other  cases,  we  very  mach 
facilitate  the  study  of  many  important  series  of  compounds. 
Let  us,  therefore,  avail  ourselves  of  that  which  appears  well 
founded  in  both  doctrines,  since  there  appears  to  be  no  reason 
why  the  one  should  be  opposed  to  the  other. 

TUB   DECOMPOSITIONS   AND   METAMORPHOSES    OF  ORGANIC 
COMPOUNDS. 

Organic  compounds,  whether  actual  organised  tissues,  unor- 
ganised products  of  animal  and  vegetable  life,  or  new  sub- 
stances artificially  produced,  are  generally  characterised  by  a 
great  proneness  to  undergo  decomposition  or  metamorphosis. 
This  mstability  is  especially  marked  in  those  compounds 
which  contain  nitrogen,  not  only,  because,  containing  foui* 
elements  (in  most  cases),  they  are  exposed  to  more  numerous 
causes  of  change  than  such  bodies  as  contain  only  three 
(carbon,  hydrogen,  and  oxygen),  but  also  because  nitrogen  is, 
in  its  relations  to  those  three  elements,  the  most  remarkable 
element  we  know.  According  to  the  circumstances  under 
which  a  change  is  induced,  nitrogen  may  separate  uncombined, 
as  in  the  ultimate  analysis  of  organic  substances  by  combus- 
tion with  oxide  of  copper  or  chromate  of  lead ;  or  it  may 
combine  with  oxygen,  yielding  nitric  acid,  as  in  nitrification  ; 
or  with  carbon,  yielding  the  compound  radical  cyanogen,  as 
when  nitrogenised  organic  matter  is  ignited  with  carbonaie 
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of  potash;  or  with  hydrogen,  yielding  ammonia,  as  when 
nitrogenised  oi^ganic  matter  is  ignited  with  hydrated  alkalies. 

It  is  easy  to  see,  therefore,  that  while*  all  organic  matter  is 
prone  to  change,  this  is  especially  the  case  with  nitroffenised 
compounds.  In  £act,  manj  of  these  componnds  cannot  be  kept 
more  than  a  few  houis  without  the  commencement  of  decom- 
position or  metamorphosis,  in  the  shape  of  putrefaction  or 
fermentation.  This  kind  of  metamorphosis  will  be  separately 
considered  hereafter;  in  the  meantime  it  is  important  to 
observe,  that  when  such  a  compound  has  entered  into  a  state 
of  decomposition,  it  acquires  the  properties  of  a  ferment,  that 
is,  it  is  capable  of  inducing  a  similar  metamorphosis  in  another 
compound,  if  placed  in  contact  with  it. 

Tne  true  explanation  of  this  fact  appears  to  be,  that  the  par- 
ticles or  molecules  of  the'  exciting  body  or  ferment,  being  m  a 
condition  of  change,  and  therefore  in  motion,  communicate  to 
the  molecules  of  the  body  placed  in  contact  with  them  an 
amount  of  motion  sufficient  to  destroy  the  balance  of  the 
existing  affinities ;  which  in  organic  compounds  is  easily  done, 
the  chemical  equilibrium  being  very  unstable ;  and  thus  gives 
rise  to  a  new  play  of  affinities  and  the  production  of  new  com- 
pounds, as  when  sugar  bv  contact  with  yeast  is  resolved  into 
alcohol  and  parbonic  acid. 

But  in  addition  to  metamorphoses  of  the  kind  just  alluded 
to,  which,  in  the  various  ferments  at  least,  commence  sponta- 
neously, air  (at  all  events,  at  the  commencement),  moisture, 
and  a  certain  temperature  being  the  usual  conditions,  organic 
substances  undergo  very  well  marked  decompositions  when 
exposed  to  the  action  of  heat  and  of  some  powerful  re-agents  ; 
and  it  seems  advisable  here  to  give  also  a  general  account  of 
such  decompositions,  as  they  admit  of  being  classified  under 
certain  heads  or  rules  generally  applicable. 

We  shall  here,  therefore,  brieny  describe  the  changes  pro- 
duced on  organic  compounds :  1,  by  oxidation ;  2,  by  the  action 
of  acids  ;  3,  by  the  action  of  bases ;  4,  by  the  action  of  heat  in 
close  vessels,  or  the  destructive  distillation ;  and  5,  by  the 
contact  of  ferments. 

Oxidation :  a,  direct. — The  direct  oxidation  of  organic  com- 
pounds takes  two  distinct  forms.  The  first  is  the  familiar 
one  of  combustion,  in  which  the  action  of  the  atmospheric 
oxygen  is  aided  by  a  high  temperature.  The  results  differ 
according  to  the  supply  of  oxygen.  If  there  be  an  excess  of  air, 
or  of  oxygen,  from  any  source,  the  whole  of  the  carbon  and 
hydrogen  is  converted  into  carbonic  acid  and  water,  which, 
along  with  uncombined  nitrogen,  are  the  ultimate  products,  of 
t2 
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the  action  of  oxygen  on  organic  matters.  But  if  the  supply  of 
air  be  deficient,  the  hydrogen  is  oxidised  in  preference  to  the 
carbon,  which  is  deposited  as  smoke,  soot,  or  lampblack. 

The  second  form  of  direct  oxidation  is  that  which  is  com- 
monly called  decay,  but  which  Liebig  proposes  to  call  Erema- 
caiisis  («.e.,  slow  combustion),  and  which  takes  place  when 
organic  matter  is  exposed  to  air  and  moisture.  In  dry  air  it 
does  not  occur. 

One  of  the  most  familiar  examples  of  this  kind  of  oxidation 
is  that  decay  of  wood  by  which  it  is  slowly  converted  into  a 
dark  brown  powder — ulmine.  In  this  process,  as  De  Saussnre 
has  shown,  the  wood  absorbs  oxygen,  and  produces  an  equal 
volume  of  carbonic  acid  along  with  water,  and  the  residue — 
ulmine.  As,  in  combustion,  the  oxygen  combines  by  preference 
with  hydrogen,  so  also  in  eremacausis  there  is  every  reason  to 
believe  that  the  absorbed  oxygen  combines  with  the  hydrogen 
of  the  wood,  and  that  an  equivalent  quantity  of  oxygen,  ^so 
derived  from  the  wood,  is  given  off  in  the  form  of  carbonic  acid. 
Now,  since  wood  may  be  represented  as  composed  of  carbon 
and  the  elements  of  water,  and  as  water  and  carbonic  acid  are 
two  of  the  products  of  eremacausis,  it  might  be  supposed  that 
the  water  was  ready  formed  in  the  wood,  and  that  the  absorbed 
oxygen  had  combined  with  the  carbon.  But  it  has  been  shown 
that,  in  presence  of  hydrogen,  carbon  does  not  at  the  ordinary 
temperature  combine  with  oxygen,  for  which  its  affinity  is  less 
powerful ;  and  besides,  in  the  decay  of  wood,  the  proportion  of 
carbon  in  the  residue  (the  ulmine)  is  constantly  ^aterthan  in 
the  wood.  Thus  oak  wood,  CaeHsflOat  yield  m  one  stage  of 
decay,  ulmine,  the  composition  of  which  agrees  with  the  formula 
CasH^oOflo;  and  in  a  more  advanced  stage,  an  ulmine  of  the 
formula  Ca «  His  Oi  •.  Here  we  see  that  for  every  2  eqs.  of 
hydrogen  oxydised  by  the  air,  1  eq.  of  carbon  and  2  eqg.  of 
oxygen  have  been  separated  ;  so  that  the  per-^^ntage  of  carbon 
in  the  residue  constantly  increases,  and  the  final  resvdt  of  erema- 
causis would  be  a  residue  of  carbon  ;  were  it  not  that,  as  the 
proportion  of  carbon  in  the  ulmine  increases,  its  affinity  for  the 
other  elements,  strengthened  by  its  mass,  becomes  too  power- 
ful to  be  overcome  by  the  oxygen  of  the  air  without  the  aid  of 
heat.  It  has  been  suggested,  however,  by  Uebig,  that  the  pnn 
cess  of  eremacausis  may  occur  under  such  circumstances  as  to 
leave  at  last  a  residue  of  pure  carbon.  The  conditions  neces- 
sary for  this  are  still  unknown  ;  but  if  we  suppose  one  of  these 
conditions  to  be  a  semi-fluid  state  of  the  matter  undergoing 
deca^,  and  if  we  imagine  the  process  to  go  on  at  a  very  slow 
rate  indeed,  thecaibon  thus  eliminated  might  assume  the  cxys- 
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talline  form,  and  thus  the  diamond  might  be  produced.  This 
is  a  mere  suggestion  ;  but  it  has  more  probability  in  its  favour 
than  any  other  theory  of  the  production  of  the  diamond. 

Other  examples  of  eremacausis  are,  the  acetification  of 
alcohol,  and  the  process  of  nitrification  in  which  ammonia 
undergoes  eremacausis.  Thesp,  as  well  as  other  instances,  will 
be  considered  in  their  proper  place. 

Eremacausis  is  greatly  promoted  by  heat  and  by  the  presence 
of  alkalies.  It  is,  on  the  contraiy,  arrested  or  retarded  by 
cold,  dryness,  acids,  and  many  salts,  such  as  corrosive  subli- 
mate, which  has  been  used  to  prevent  the  decay  of  wood. 

There  is  one  circumstance  connected  with  eremacausis,  or 
decay,  as  above  described,  which  is  worthy  of  special  attention.. 
It  is,  that  a  substance,  in  a  state  of  eremacausis,  if  placed  in 
contact  with  another,  which  is  capable  of  undergoing  this 
change,  speedily  causes  the  latter  to  enter  into  the  same  condi- 
tion of  change.  This  effect  of  contact  may  be  compared,  in  one 
sense,  to  that  of  a  body  in  combustion,  which  sets  fire  to  other 
bodies ;  but  in  ordinary  combustion  the  high  temperature 
plays  an  important  part,  while  in  eremacausis  the  effect  ap- 
pears to  be  due  to  the  communication  of  motion,  from  the 
particles  of  the  decaying  body  to  those  of  the  other  substance, 
which  motion,  as  in  the  case  of  fermentation,  overturns  the 
existing  balance  of  affinities,  unstable  as  it  is  in  organic  com- 
pounds, and  gives  rise  to  the  formation  of  new  products. 

The  process  of  eremacausis,  or  slow  oxidation  in  the  atmo- 
sphere, is  one  of  very  great  practical  importance,  inasmuch  as, 
by  this  means,  the  elements  of  dead  organic  matter  are  made  to 
assume  those  forms — namely,  the  forms  of  carbonic  acid,  water, 
and  ammonia — ^in  which  they  are  capable  of  contributing  to 
the  nutrition  of  new  or  growing  vegetables. 

A  peculiar  species  of  eremacausis  is  observed  in  the  case  of 
the  simultaneous  action  of  oxygen  and  ammonia  on  certain 
colourless  vegetable  products,  which,  absorbing  these  eases 
greedily,  are  thus  converted  into  nitrocenised  compounds  of 
very  fine  blue  or  purple  colours.  Of  mis  we  have  examples 
in  orcine,  erythrine,  and  phloridzine ;  and  there  is  good  reason 
to  attribute  the  formation  of  indiffo,  from  a  juice  devoid  of  blue 
colour,  to  an  action  of  this  kind,  since  both  oxygen  and  am- 
monia appear  to  be  necessary  to  its  production.  The  trans- 
formation of  alloxantine  or  of  uramile  into  murexide  also 
depends  on  the  simultaneous  action  of  ammonia  and  oxygen. 

b.  Indirect  Oxidation,  The  indirect  oxidation  of  organic 
compounds  may  be  effected  in  a  variety  of  ways,  as,  for 
example,  by  nitric  acid,  the  action  of  which  we  shall  presently 
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describe  along  with  that  of  other  acids  ;  by  certain  salts,  as  by 
permanganate  of  potash,  which  converts  sngar,  for  example, 
into  oxalic  acid  ;  or  by  the  employment  of  a  mixture  of  bichro- 
mate of  potash  and  dilated  salphuric  acid,  by  which  means 
salicine  may  be  made  to  yield  the  hydnret  of  salicyle  (oil  of 
spirsea)  ;  by  the  action  of  salphuric  acid,  and  of  peroxide  of 
manc^anese,  as  when  alcohol  ia  converted  into  aldehyde ;  or, 
finally,  by  the  combined  action  of  heat  and  hydrated  aHudieSy 
as  when  indigo,  heated  with  potash,  gives  rise  to  anthranilic 
acid,  hydrogen  being  given  off;  or  acetates,  heated  withbaiyta, 
yield  marsh  gas  and  carbonates.  The  use  of  fusion  with 
caustic  potash  as  an  oxidising  agent  is  an  important  means  of 
obtaining  a  less  perfect  oxidation  than  is  the  result  of  some  of 
the  other  processes  ;  and  it  has  lately  led  to  some  very  inte- 
resting discoveries  in  animal  chemistiy. 

2.  Action  of  Acids  on  Organic  Compounds,  This  action  is 
ver3r  various ;  the  two  acids  most  frequently  employed  are  the 
nitric  and  sulphuric  acids,  and,  as  might  be  expected,  the 
former  acts  more  as  an  oxidising  agent  than  the  latter. 

When  sugar,  for  example,  is  heated  with  nitric  acid,  the 
latter  loses  oxygen,  for  mtrons  acid  is  given  off  in  enormous 
quantity ;  while  the  elements  of  the  sugar,  by  the  action  of  the 
oxygen  are  made  to  combine  so  as  to  produce  compounds  of 
less  complex  radicals  than  that  of  sugar  probably  is.  Among 
the  products  are  water,  carbonic  acid,  oxalic  acid,  and  saccharic 
acid,  besides  others  not  yet  investigated ;  but  the  three  first 
sufiiciently  show  the  tendency  of  oxidation  to  promote  the 
formation  of  less  complex  radicals. 

When  nitric  acid  acts  on  organic  matters,  there  is  generally 
found  one  acid,  if  not  more,  among  the  products,  and  in  this 
way  a  large  number  of  acids  have  been  discovered.  Examples 
of  this  are,  mucic  acid  from  gum ;  indigotic  and  carbazotic 
acids  from  indigo ;  margaric  acid  from  stearic  acid ;  suberic 
and  succinic  acids  from  oily  acids,  besides  many  others.  It 
frequently  happens  that  compounds,  whether  acid  or  neutral, 
formed  by  the  action  of  nitric  acid  on  organic  matter,  contain 
hyponitrous  acid  as  a  constituent,  apparently  substituted  for 
some  element.  This  is  the  case  with  nitrobenzide  from  ben- 
^ne,  and  with  nitronaphthalase,  and  a  whole  series  of  com- 
pounds discovered  by  Laurent  in  his  study  of  the  action  of 
nitric  acid  on  naphthaline.  The  carbazotic  or  nitropicric  acid 
also  appears  to  contain  a  compound  of  nitrogen  and  oxygen. 
Some  or^nic  bases,  as  morphia  and  brucia,  strike  a  deep  red 
colour  with  nitric  acid. 

When  sulphuric  acid  is  made  to  act  on  oi^ganic  compoonds, 
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it  cban  a  considerable  propoition  of  them  by  Tirtue  of  its 
attraction  for  oxygen  and  hydrogen  in  the  form  of  water.  But 
in  many  cases  ft  produces  verv  different  effects.  Thus,  by 
boiling  with  snlphnric  acid  and  water,  starch  and  lignine  are 
converted  into  grape  sugar.  In  other  cases,  the  sulphuric  acid 
seems  to  lose  so  much  oxygen  as  to  produce  hyposulphniic 
acid,  which  enters  into  combination  with  an  organic  compound, 
forming  a  new  acid,  as  when  sulphuric  acid  acts  on  naphthaline, 
and  forms  salphonaphthalic  acid ;  or  on  benzoic  acid,  forming 
hyposnlphobenzoic  acid  ;  or  on  alcohol  under  certain  circum- 
stances, when  an  acid  is  produced  containing  the  elements  of 
hyposnlphuric  acid  and  of  a  carbon-hydrogen.  In  other  cases, 
the  sulphuric  acid  combines  unchansed  with  the  organic  com- 
pound, as  in  sulphovinic  acid,  whicn  is  a  bisulphate  of  oxide 
of  ethyle ;  sulphomethylic  acid,  and  others. 

Many  organic  compounds,  heated  with  excess  of  sulphuric 
acid,  are  entirely  decomposed,  yielding  water  which  combines 
with  the  acid,  and  other  products  which  are  disengaged.  Thus 
oxalic  acid  is  resolved  into  water,  carbonic  acid,  and  carbonic 
oxide ;  formic  acid  into  water  and  carbonic  oxide ;  alcohol  into 
water,  defiant  gas,  and  other  products. 

Several  organic  compounds  are  dissolved  by  sulphuric  acid 
with  the  prixLuction  of  a  fine  red  or  purple  colour.  Salicine 
strikes  a  red  colour  with  the  acid,  and  cedriret,  one  of  the  con- 
stituents of  tar,  dissolves  in  it  with  a  deep  blue  colour,  as  does 
also  naphthaJase. 

Phosphoric  acid  may  be  employed  in  some  cases  to  remove 
water  from  oreanic  compounds,  as  it  does  not  char  them.  Like 
sulphuric  add,  it  forms  with  oxide  of  ethyle  an  acid  salt, 
knoi;^!!  as  phosphovinic  acid. 

Hydrochloric  add  and  its  congeners  have  no  very  extensive 
action  on  oreanic  substances.  With  alcohol,  hydrochloric  acid 
gas  yields  chloride  of  ethyle  ;  and  a  current  of  this  gas,  paawd 
through  an  alcololic  solution  of  a  fatty  add,  dyes  rise  to  the 
compound  of  the  fatty  add  with  oxide  of  ethyle,  which  would 
otherwise  be  obtained  with  difficulty.  With  oil  of  turpentine, 
oil  of  lemons,  and  some  other  essential  oils  composed  of  carbon 
and  hydrogen,  hydrochloric  add  gas  combines,  forming  solids 
resembling  camphor.  Pyroxanthine,  a  substance  contained  in 
tar,  dissolves  in  strong  hydrochloric  acid  with  a  fine  and  deep 
purple  colour. 

3.  AcHon  of  Biues  on  Organic  Campoumds.  Hydrated  bases 
unite,  of  course,  with  organic  adds ;  and  when  heated  with 
neutral  substances,  they  generaUy  give  rise  to  the  formation  of 
adds,  such  as  acetic  and  oxalic  adds,  or  even  carbonic  add. 
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oxygen  being  taken  from  the  water  of  the  base,  and  hydrogen 
being  disengaged,  or,  (if  the  oiiganic  body  contain  nitrogen,) 
hydrogen  and  ammonia.  This  property  of  hydrated  bases 
is  employed  as  a  means  of  converting  all  the  nitrogen  of 
organic  compounds  into  ammonia,  and  in  this  form  determining 
itsqnantity. 

The  presence  of  bases  greatly  promotes  the  absorption  of 
atmospheric  oxyfen  by  organic  substances.  This  is  the  reason 
why  alkalies  assist  eremacausis.  The  same  e£Pect  is  very  con- 
spicnoos  in  the  change  which  the  salts  of  gallic  acid  (and  some 
other  acids)  undergo  when  exposed  to  the  air.  A  solution  of 
an  alkaline  gallate  absorbs  oxygen  very  rapidly,  and  becomes 
very  dark  in  colour,  beinff  oxidised  in  a  far  shorter  time  than  if 
the  acid  had  been  uncombined. 

4.  Action  of  Heat  on  organic  Compoundt  in  close  Veuds. 
This  action  is  known  under  the  name  of  the  destfucHw  dig- 
tilkaion.  It  must  be  considered  as  a  combustion  with  a  very 
limited  supply  of  oxygen,  that  namely  afforded  by  the  anlv- 
stance  itself.  A  very  groat  variety  of  compounds  is  produced, 
many  of  them  very  interesting  and  useful.  The  destmctiTe 
distillation  may  be  considered  as  it  affects  substances  contain- 
ing nitrogen,  and  substances  devoid  of  that  element  Many 
products  are  common  to  both  cases,  but  many  also  are  confined 
to  one  case,  especially  to  that  of  nitrogenised  substances. 

The  destructive  distillation  of  non-nitrogenised  substances 
has  been  chiefly  studied  in  the  case  of  wood,  which,  when 
heated  in  close  vessels,  yields  a  great  variety  of  products : 
some,  binary  compounds,  such  as  parafBne,  naphthaline, 
eupione,  water,  carbonic  oxide,  carbonic  acid,  marsh  gas,  and 
olefiant  gas :  others  ternary,  such  as  acetic  add,  C4  Ha  Oj  ; 
hydrated  oxide  of  methyle  or  pyroxylic  spirit,  (Ca  Ha)  0, 
HO ;  lignone,  xylite,  mesite,  and  other  volatile  etiierial  liquids, 
composed  of  the  same  elements  as  pyroxylic  spirit,  ana  very 
similar  to  it  in  properties  ;  creosote  ;  picamar  ;  capnomoro ; 
cedrirot ;  pittacal,  and  pyroxanthine,  besides  many  others,  not 
yet  properly  investigated. 

When  &tty  or  resinous  bodies  are  subjected  to  the  destruc- 
tive distillation,  there  are  obtained,  besides  other  compounds, 
two  solid  carbo-hydrogens :  chrjrsene,  Ca  H,  and  pjnrene, 
C I  o  H »  ;  which  also  occur  among  the  products  of  the  dis- 
tillation of  coal. 

This  latter  distillation  may  serve  as  an  example,  the  best 
known,  of  the  action  of  heat  on  nitroeenised  organic  bodies  ; 
for  coal  contains  a  certain  although  small  proportion  of  nitrogen. 
The  products,  besides  creosote,  paraffine,  naphthaline,  and  pro- 
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bablv  seveial  others  of  those  obtained  from  wood,  include 
orach  ammonia,  hydrocyanic  acid;  some  pecaliar  non-nitro« 
genised  acids,  aa  carbolic  acid,  Ci  t  Hs  0,  HO,  (a  remarkable 
compound,  having  an  odour  resembling  that  of  creosote,  and 
yielding,  when  subjected  to  various  re-agents,  an  extensive 
series  of  new  compounds  [Runge,  Laurent] ;)  rosolic  and  bmn- 
olic  acids ;  and  three  very  remarkable  nitrogenised  bases, 
containing  no  oxygen,  namely,  kyanol  (aniline,  ervskUUne), 
Ct*  H7  N,  leukol,  Ci  s  Ha  N;  picoline,  da  H7  "S,  (Ander- 
son), which  is,  therefore,  isomeric  with  aniline,  besides  a  fourth, 
not  yet  fully  investigated,  pjmrol ;  finally,  paranaphthaline,  or 
antmracene,  Cj  o  Hit,  and  coal  tar  naphtha,  which  is  used  aa 
a  solvent  for  caoutchouc. 

The  distillation  of  animal  matter,  such  as  hoofis,  bonis,  or 
bones,  yields  analogous  results,  but  is  characterised  by  the 
very  huge  amount  of  ammonia  which  is  obtained,  animal 
matter  being  richer  in  nitrogen  than  coal  is.  This  ammonia 
2i^pears  as  carbonate,  which  salt  is  thus  manufactured,  and 
hence  was  and  occasionally  still  is,  called  salt  of  hartshorn. 

Many  organic  acids,  when  heated  in  close  vessels  to  a  cer- 
tain temperature,  short  of  the  destructive  distillation,  undeigo 
a  remarkable  decomposition ;  carbonic  acid  is  given  off,  and 
there  remains  a  new  acid,  which  is  called  a  p3rrogenou8  acid, 
orpyro-acid.  Thus  meconic  acid,  at  a  certain  temperature, 
yields  carbonic  acid  and  komenic  acid :  while  komenic  acid,  if 
heated  in  its  turn,  yields  cari>onic  acid  and  pyromeconic  acid. 
We  have  also  pyromncic,  pjrotartaric,  or  pyroracemic  and 
pyrocitric  acids ;  citric  acid  yielding  three  pyro^acids,  aconitic, 
(equisetic),  itaconic  and  citraconic  acids,  and  nuJia  acid  also 
yielding  two,  maleic  and  paramaleic  or  fumaric  acids. 

From  the  above  statements,  it  is  obvious,  that  the  action  of 
heat  on  organic  compounds  gives  rise  to  a  very  laige  number 
of  importaoit  products,  of  which  only  the  most  remarkable 
have  been  named.  All  will  be  described  in  their  proper  places. 

6.  Aaion  offsrmmts  on  organic  compounds.  Of  this  action 
the  best  known  and  most  important  example  is  the  fermentation 
of  sugar,  by  which  it  is  resolved  into  alcohol  and  carbonic  acid. 

The  circumstances  under  which  this  metamorphosis  occurs 
are  these  :  the  sugar  must  be  dissolved,  the  solution  must  have 
a  certain  temperature,  and  there  must  be  present  a  ferment, 
such  as  yeast  or  some  analogous  body.  In  the  juice  of  the 
grape  a  ferment,  the  fibrinous  or  caseous  constituent  of  the 
juice,  is  naturally  present ;  and  Oay  Lussac  showed  that  the 
contact  of  atmospherical  air  was  necessary  to  commence  the 
fermentation,  but  that  this  contact  with  the  atmosphere  might 


274       nsatssTkTio^  of  obganig  compounds. 

be  only  for  a  yery  brief  period,  after  which  air  was  no  longer 
necessaiy.  It  is  obvious  that  the  air  acts  by  inducing  a  state 
of  change  in  the  ferment,  for  if  any  ferment,  previously  ex- 
posed to  the  air,  be  added  to  a  pure  solution  of  sugar,  fer- 
mentation will  take  place  without  the  mixture  being  exposed 
to  the  air  after  the  ferment  has  been  added. 

Berzelius  and  others  conceive  that  the  ferment  acts  by  con- 
tact in  some  way  not  very  clearly  defined,  by  catalysis,  as  it  is 
called,  as  they  conceive  sulphuric  acid  to  do  in  the  formation 
of  ether  from  alcohol.  But  Liebig  has  proved  that  in  this  latr 
ter  case  the  acid  first  combines  with  ether  (oxide  of  ethyle) 
forming  sulphovinic  acid  (bisulphate  of  oxide  of  ethyle),  and 
that  this  compound  at  a  temperature  rather  higher  than  that 
at  which  it  is  formed,  is  decomposed  into  hydrated  sulphuric 
acid  and  ether  which  distils  over.  The  same  chemist  has 
pointed  out  many  other  instances  of  the  effect  of  contact,  even 
m  inoi^ganic  chemistry  :  such  as  the  action  of  oxide  of  silver 
on  peroxide  of  hydrogen,  where  the  former  compound,  by 
contact  with  the  latter,  not  only  decomposes  it,  causing  oxygen 
to  be  rapidly  given  off,  but  is  itself  decomposed,  losing  all  its 
oxygen  ;  the  solution  in  nitric  acid  of  an  alloy  of  platinum  and 
silver,  while  platinum  alone  is  insoluble  in  that  acid  ;  or  the 
action  of  carbonate  of  silver  on  certain  oiganic  acids,  which 
cause  a  disengagement  of  carbonic  acid,  this  disengagement 
being  attended  with  a  partial  reduction  of  the  oxide  of  silver. 

These,  and  many  other,  more  fEuniliar  cases,  particularly 
those  where  a  compound  is  decomposed  with  detonation  in 
consequence  of  a  slight  touch,  or  gentle  friction,  a  moderate 
elevation  of  temperature,  or  the  contact  of  another  substance 
(e.ff,  chloride  of  nitrogen  with  oil)  all  tend,  according  to  Lie- 
big,  to  establish  the  doctrine  that  in  certain  compounds  the 
balance  of  affinities  is  unstable,  and  therefore  easily  over- 
turned, either  by  chemical  or  by  mechanical  influences. 

The  compounds  which  are  capable  of  fermentation  or  any 
similar  metamorphosis,  are  all  of  them  bodies  in  which  such 
an  unstable  equilibrium  exists  :  they  are  all,  in  point  of  £Eu^t, 
easily  decomposed  by  many  different  agencies,  such  as  heat, 
acids,  bases,  oxygen,  chlorine,  &c.  &c.  Now,  we  can  offer  no 
other  explanation  of  these  facts  of  fermentation  than  this,  that 
when  a  body  in  a  state  of  progressive  change,  the  particles  of 
which  are  consequently  in  a  state  of  motion,  is  placed  in  con- 
tact with  another  body,  the  particles  of  which  are  in  a  state  of 
unstable  equilibrium,  the  amount  of  motion  mechanically  com- 
municated to  the  particles  of  the  latter  from  those  of  the 
former,  is  sufficient  to  overturn  the  existing  equilibrium,  and 


FBRMBNTATIOX  OF  0B6ANIC  COMPOUNDS.     275 

by  the  formation  of  a  new  compound  establish  a  new  eqnili> 
brinm  more  stable  under  the  given  circumstances. 

There  is  nothing  nnphilosophical  in  this  explanation,  and  it 
is  to  be  considered  as  the  best  theonr  of  fermentation  yet 
attempted.  According  to  the  view  of  Liebig,  a  ferment  is 
merely  a  compound  in  a  state  of  decomposition,  capable  of 
setting  in  motion,  and  thereby  bringing  also  into  a  state  of 
decomposition,  the  particles  of  another  compound,  the  exist- 
ence of  which  depends  on  a  nice  balance  of  affinities. 

On  the  other  hand  the  view  adopted  by  Berzelius,  accord- 
ing to  which  fermentation,  and  all  the  other  phenomena  of 
chemical  change  produced  by  contact  are  the  results  of  a 
peculiar  unknown  force,  the  catalytic  force,  coming  into  action 
when  certain  bodies  are  placed  in  contact,  appears  nnphiloso- 
phical, as,  in  the  first  place,  assuming  the  existence  of  a  new 
force  where  known  forces  would  suffice  to  explain  the  facts  ; 
and,  secondly,  as  furnishing  no  real  explanation,  but  merely 
acknowledging,  indirectly,  our  inability  to  offer  any  sudi  ex- 
planation. When  we  ascribe  an  effect  to  catalysis,  we  are 
only  sa3ring,  in  other  words,  that  we  cannot  account  for  it ; 
catalysis  is  thus  merely  a  convenient  term  for  all  that  we  do 
not  understand.  And  to  the  use  of  the  word  in  this  sense, 
namely,  as  a  name  for  the  agent  which  produces  certain  effects, 
the  agent  itself  being  unknown,  there  would  be  no  objection, 
were  it  not  that  caUdysis  has  been  employed  to  account  for 
phenomena  not  only  different  from  each  other,  but  actually  of 
an  opposite  kind.  For  example,  platinum,  in  causing  the  com- 
binatum  of  oxygen  and  hydrogen,  is  said  to  act  catal^rtically, 
and  the  action  of  oxide  of  manganese,  or  oxide  of  silver  m 
decomposing  peroxide  of  hydrogen,  that  is,  in  causing  the 
Meparatwn  of  oxygen  and  hydrogen,  is  also  called  catalytic. 
This  example  proves  how  loosely  the  word  has  been  em* 
ployed,  ana  how  vague  are  the  views  which  have  led  to  its 
introduction. 

A  variety  of  important  and  interesting  processes  come  under 
the  head  of  actions  caused  by  ferments ;  the  production  of 
alcohol  from  sugar,  of  oil  of  bitter  almonds  from  amygdaline, 
and  of  lactic  and  butyric  acids  from  cane  of  sugar  or  sugar  of 
milk,  are  all  examples  of  this ;  and  in  each  of  these  cases  the 
ferment  is  peculiar.  In  the  case  of  sugar  it  is  yeast,  or  gluten 
nndergoing  eremacansis  and  putrefaction  ;  in  the  case  of  amyg- 
daline it  is  emulsine,  a  peculiar  modification  of  albumen ;  and 
in  the  case  of  cane  sugar  or  sugar  of  milk,  when  converted  into 
lactic  or  butyric  acid,  it  is  caseine,  the  nitrogenised  consti- 
tuent of  the  milk. 
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The  access  of  air  is  required  at  first  to  yield  oxygen  to  the 
gluten,  &c.,  which  then  entering  into  eremacausis,  or  if  air  be 
excluded,  into  putrefaction,  are  capable  of  acting  as  ferments. 

In  the  actions  ijiduced  by  ferments,  we  are  to  distinguish 
those  in  which  some  external  element  or  elements  are  added 
to  those  of  the  compound,  which  cases  resemble  oi-dinary 
decompositions,  from  those  in  which  the  elements  of  the 
decomposed  body  merely  transpose  themselves,  producing  new 
compounds.  The  latter  are  properly  and  strictly  termed 
metamorphoses.  Fermentations,  in  which  oxygen  is  absorbed, 
are  examples  of  eremacausis,  and  it  has  already  been  men- 
tioned that  a  body  in  a  state  of  eremacausis  acts  on  other 
bodies  as  an  excitajit  of  the  same  change,  that  is,  as  a  ferment 

Indeed,  most  ferments,  whether  they  induce  eremacausis,  or 
a  more  pure  metamorphosis  in  other  bodies,  are  themselves  in 
a  state  of  eremacausis,  at  all  events  in  the  commencement  of 
the  change. 

The  subject  of  fermentation  and  ferments  will  be  hereafter 
more  especially  considered,  in  connexion  with  fermentescible 
compounds :  here  the  subject  is  merely  treated  in  a  general  way. 

Putrefaction,  under  ordinary  circumstances,  partakes  laigely 
of  eremacausis,  and  differs  from  the  ordinaij  kind  only  in  the 
offensive  odour  of  some  of  the  products,  chiefly  compounds  of 
sulphur  and  phosphorus,  as  sulphuretted  and  phosphoretted 
hydrogen.  When  air  is  excluded,  putrefaction  goes  on,  pro- 
vided moisture  be  present,  and  it  is  then  a  metamorphosis, 
giving  rise,  in  the  case  of  vegetable  matter  putrefying  under 
water,  or  in  the  strata  of  mines,  to  gaseous  products,  such  as 
marsh  gas  and  olefiant  cas,  constituting  with  air  the  fire-damp, 
and  cnroonic  acid,  whidi  is  the  choke-damp,  of  the  miner. 

Animal  matter,  in  a  state  of  putrefaction,  as  putrid  flesh, 
blood,  cheese,  or  wine,  acts  as  a  ferment,  and  is  capable  of 
causing  the  metamorphosis  of  sugar  into  alcohol  and  carbonic 
acid,  as  well  as  of  inducing  eremacausis,  and  also  propagatixijg 
a  putrefactive  decomposition  analogous  to  its  own.  Thus,  it 
is  well  known  that  fresh  cheese,  if  inoculated  with  decaying 
cheese,  soon  passes  into  decay,  spreading  from  the  seat  of  the 
inoculation. 

We  shall,  hereafter,  see  that  it  is  probable  that  some  poiBons 
and  miasmata  act  as  ferments  on  the  blood.  The  singular 
sausage  poison  of  Wurtemburg  is  animal  matter  in  a  pecnliar 
state  of  decay,  and  does  not  contain  any  poisonous  eompwmiy 
only  a  poisonous  staU  or  condition ;  and  the  same  principle 
may  hereafter  be  found  to  furnish  the  true  explanation  of 
contagions. 
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Fermentation,  putrefaction,  and  eremacansis  are  all  pro- 
moted by  the  same  circumstances,  and  arrested  by  the  same 
influences.  Antiseptics  are  substances,  which,  by  combining 
with  the  ferment,  or  a  part  of  it,  or  even  with  the  body  to  be 
fermented,  prevent  the  continuance  either  of  the  decomposi- 
tion  in  the  ferment,  or  of  the  fermentation  itself.  Corrosive 
sublimate  and  arsenic,  which  are  powerful  antiseptics,  com> 
bine  with  animal  matter,  and  form  with  it  stable  compounds ; 
creosote  combines  energetically  with  albumen,  &c.,  &c. 

In  fermentation,  properly  so  called,  the  elements  of  the  fer- 
ment take  no  chemical  share  in  the  metamorphosis  of  the  body 
acted  on  by  the  mechanical  agency  above  explained.  That 
body  is  resolved  into  two  or  more  new  compounds  of  less 
complex  radicals.  The  elements  of  water  may  or  may  not 
take  part  in  the  change ;  when  they  do,  as  in  the  case  of 
BQgar,  the  weight  of  the  products,  in  this  case  alcohol  and 
carbonic  acid,  is  equal  to  that  of  the  sugar,  plus  a  certain  weight 
of  water.  As,  when  the  water  is  passed  in  vapour  over  carbon 
at  a  white  heat,  the  carbon  is  shared  between  the  oxygen  and 
hydrogen,  producing  carbonic  acid  (or  oxide),  and  carburetted 
hydrogen,  so  in  the  metamorphosis  of  sugar,  and  other  analo- 
gous cases,  we  have  on  the  one  hand  an  oxidised  compound, 
(in  .the  case  of  sugar  represented  by  carbonic  acid),  and  on  the 
other  a  compound  in  which  part  of  the  carbon  is  united  to  all 
the  hydrogen  (in  the  case  of  sugar,  the  alcohol).  Similar 
results  are  obtamed  when  alcohol  or  acetic  acid  are  metamor- 
phosed by  heat,  and  this  may  be  viewed  as  a  general  character 
of  the  metamorphosis  of  non-nitrogenised  bodies:  namely,  that 
the  carbon  is  divided  between  the  oxygen  and  hydrogen. 

In  putrefaction,  again,  the  ferment  plays  a  chemical  part  in 
the  change,  and  two  or  more  compounds,  the  ferment  and  the 
putrefying  body  or  bodies,  combine  to  give  rise  to  new  com- 
pounds, with  or  without  the  elements  of  water.  Putrefaction 
18  generally  the  characteristic  transforniation  of  nitrogenised 
compounds,  and  the  very  great  tendency  of  such  compounds 
to  undergo  transformations  is  well  illustrated  by  the  sponta- 
neous metamorphosis  of  a  solution  of  cyanogen  in  water.  Such 
a  solution  contains  the  four  principal  elements  of  organic 
bodies ;  and  its  transformations  may  be  said  to  be  the  only 
case  of  putrefaction  which  has  been  as  yet  carefully  studied. 

The  solution  after  a  time  becomes  brown  and  turbid,  and 
deposits  a  dark  matter,  containing  ammonia,  united  to  a  com- 
poond  formed  of  the  elements  of  cyanogen  along  with  those  of 
water.  This  matter  being  insoluble,  undergoes  no  further 
change.    Such  a  compound  might  arise  from  the  reaction 
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between  2  eq.  cyano^n,  and  4  eq.  water :  thus  2  Ct  N+4  HO 
s=  NH«  -f  (C4  HNO4) ;  according  to  some,  the  brown  matter 
contains  no  ammonia,  and  is  C^Na  HO  =  2  CaN  +  HO. 

Another  change  is  that  in  which  water  is  decomposed,  each 
of  its  elements  uniting  with  cyanogen,  and  producing  cyanic 
and  hydrocyanic  acids  ;  thus:  2  HO  +  2  Ca  N  =  (C»  N, 
0  +  HO)  +  H,CaN. 

Another  metamorphosis  gives  rise  to  oxalic  acid  and  ammonia. 
In  this  case,  1  eq.  cyanogen  acts  on  3  eq.  water;  thus:  Ca  N+ 
3H0  =  NH3-f  CaOs. 

But  cyanic  acid  cani^ot  exist  in  contact  with  water  and  other 
acids  :  it  is  instantly  metamorphosed  into  bicarbonate  of 
ammonia ;  thus :  Ca  NO  +  3  HO  =  NHa  +  2  COa. 

Towards  the  end  of  the  process,  when  ammonia  has  become 
predominant,  the  cyanic  acid  produced  undergoes  a  different 
metamorphosis.  It  now  unites  with  water  and  ammonia,  and 
may  possibly  for  a  time  exist  as  hydrated  cyanate  of  ammonia : 
but  at  all  events  that  salt,  if  formed  at  all,  is  soon  transformed 
into  urea.    NH.  +  Ca  NO -h  HO  =  Ca  H^Na  Oa  =urea. 

Again,  the  hydrocyanic  acid  gives  rise  to  another  brown  solid 
body,  containing  cyanogen  or  parac^anogen  (possibly  mellone 
also),  and  hydrogen  ;  and,  along  with  this,  oxalic  acid,  urea, 
and  carbonic  acid,  by  metamorphoses  already  described. 

Lastly,  the  hydrocyanic  acid  in  contact  with  water,  and  an 
acid  or  an  alkali  (here  oxalic  acid  or  ammonia),  undergoes 
jmother  metamorphosis,  and  is  transformed  into  formic  acid 
and  ammonia ;  thus  :  H,Ca  N  -f  4  H  0  =  NH^  +  Ca  H  0«, 
HO. 

Thus  cyanogen,  a  binary  compound,  along  with  water,  another 
binary  compound,  gives  nse  to  no  less  than  eight  di£Perent  com- 
pounds ;  1st,  the  black  compound,  containing  the  elements  of 
cyanogen  and  those  of  water,  possibly  €••  H  Na  0  :  2nd,  am- 
monia, N Hj  :  3rd,  cyanic  acid,  H Oi  Ca  NO.  4th,  hydro- 
cyanic acid,  H,  Ca  N.  5th,  oxalic  acid,  Ca  O3  :  6th,  carbonic 
acid :  7th,  a  brown  solid,  containing  cyanogen  (paracyanogen) 
and  hydrogen :  8th,  formic  acid,  Ca  H  Oj,  HO:  and  in  addi- 
tion to  these,  three  bodies,  formed  by  the  combination  of  two 
of  the  above  eight,  and  containing  all  the  four  elements ; 
namely,  9th,  oxalate  of  ammonia :  10th,  bicarbonate  of  am- 
monia :  11th,  urea. 

This  striking  example  is  well  adapted  to  give  a  clear  idea  of 
the  immense  variety  attainable,  when,  instead  of  two  binary 
compounds,  two  ternary  or  two  quartemary  compounds,  alon£ 
with  water,  are  concerned ;  and  of  the  slight  modifications  of 
external  circumstances  which  are  required  to  produce  results 
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fio  Tsried^  all  the  above  substances  being  produced  in  a  liquid 
at  the  usual  temperature. 

It  is  hoped  that  the  above  sketch  of  the  doctrine  of  the 
chemical  cnanges  and  metamorphoses  of  organic  compounds 
will  suffice  to  enable  the  student  to  follow  the  individual  pro- 
cesses and  reactions,  to  be  hereafter  mentioned,  which,  owing 
to  our  limited  space,  we  must  treat  with  great  brevity.  We 
shall  now  conclude  our  introductoiy  matter  by  some  general 
observations  on  the  doctrines  now  held  by  many  chemists  on 
the  subject  of  the  organic  acids ;  after  which  we  shall  enter  on 
the  study  of  the  known  organic  radicals, 

OBOANIO   ACIDS, 

The  acids  met  with  in  organic  chemistry  are  principally 
compounds  of  carbon,  hydrogen,  and  oxygen,  although  some  do 
contain  also  nitrogen.  They  are  distinguished  frolfl  inoivanic 
acids  by  their  high  atomic  weight,  and  by  the  action  of  heat, 
which  decomposes  them  all.  As,  in  many  of  them,  the  oxygen 
they  contain  is  a  multiple  by  a  whole  number  of  the  oxygen 
of  the  bases  which  neutralise  them,  so  they  are  viewed  as 
oxygen  acids  by  those  who  consider  true  sulphuric  acid  to 
be  an  oxygen  acid,  S  Os,  and  oil  of  vitriol  to  be  its  hydrate, 
H  0,  S  0  3 .  In  the  case  of  acetic  acid,  for  example,  the  formula 
of  which  is  (C4  Ha)  Os  H  0,  the  compound  (C*  Us)  Oa,  un- 
known in  a  separate  form,  is  called  dry  acetic  acid,  and  the 
strong  acetic  acid  is  considered  as  its  hydrate;  and  the  analogy 
is  supposed  to  be  fortified  by  the  fact  tnat  dry  acetic  add,  like 
diy  sulphuric  acid,  contains  3  eq.  oxygen,  and  neutralises 
1  eq.  of  base,  M  0,  containing  1  eq.  of  oxygen. 

But  a  careful  study  of  the  orgamc  acids  leads  us  to  apply  to 
them  the  same  theory  which  we  have  already  adopted  for  the 
inorganic  acids,  and  to  consider  them  as  compounds  of  hydrogen, 
with  compound  radicals,  usually  consisting  of  carbon,  hydrogen, 
and  oxygen.  On  this  view,  as  oil  of  vitriol  is  H,  8  O4,  the 
strongest  acetic  acid  is  H,  (€«  Hs)  0«.  It  is  true  that  this 
radical,  (C4  Hj)  O4,  docs  not  exist,  or  is  not  known  in  the 
leparate  form ;  but  the  same  remark  applies  to  dry  acetic 
acid,(C4  Hs)  Oa,  which  on  the  old  view  is  supposed  to  be  com- 
bined with  water,  for  it  also  is  unknown  in  the  separate  state. 

The  existence  of  compound  radicals  in  oiiganic  acids  is  not 
more  difficult  to  imagine  than  that  of  S  O4  the  compound 
radical  of  sulphuric  acid,  for  (C*  Hj)  0«,  onl^  differs  from  it 
in  containing  three  elements  instead  of  two  ;  mdeed,  as  some 
ternary  organic  radicals  are  known  in  the  separate  form,  we 
actually  derive  an  ai|piment  from  organic  acids  in  fovour  of  the 
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existence  of  compound  radicali  in  inorganic  acids.  Thns,  the 
radical  or  organic  metal,  kakodyle,  forms  kakodylic  acid. 

But  we  find,  among  oxiganic  adds,  a  much  larger  proportion 
which  are  bibasic,  tribasic,  in  short  polybasic,  than  ocenrs 
among  inorganic  acids.  Referring  to  what  was  said  of  the 
monobasic,  bibasic,  and  tribasic  phosphoric  acids,  it  will  be 
easily  understood  that  while  acetic  acia,  for  example,  is  mono- 
basic, tartaric  acid,  malic  acid,  komenic  acid,  alloxanic  acid, 
and  others  are  bibasic ;  that  citric  acid  and  meconic  acid  are 
tribasic,  and  that  saccharic  acid  is  quinquebasic*  And  as  the 
three  modifications  of  phosphoric  acid  were  described  on  the 
old  view  as  monohydrated,  bihydrated,  and  terhydrated,  and 
on  the  new  view,  as  containing,  respectively,  1,  2,  and  3  eqs. 
of  hydrogen,  replaceable  by  metals,  so  tartaric  acid  may  be 
either  Cs  H4  Ot  o,  2  H  O  or  Cs  H«  Oi  *,  Ha ;  malic  acid  ma^be 
Ca  H4  0«,  2  H  O  or  Ca  H4  Oi  o.  Ha ;  and  so  on ;  while  citric 
acid  may  be  either  CitHsOn,  3  H  O  or  Ci«  He  0i4,  Hs, 
and  meconic  acid,  Ci4  H  Oi  t,  3  H  0,  or  C14  H  Oi  4,  Hs  ; 
and  lastly,  saccharic  acid  may  beCi»H50it,5H0;  orCi* 
H.Oi.Hs. 

In  such  polybasic  acids,  there  is  always  some  hydrogen  in 
the  radical,  of  which  it  is  a  constituent,  and  some  combined 
with  the  radical,  and  replaceable  by  its  equivalent  of  metals. 
It  is  only  this  latter  hydrogen,  the  amount  of  which  a£fect8  the 
neutralising  power  of  the  acid. 

Now,  among  the  phenomena  of  the  action  of  bases  on 
organic  acids,  we  have  some  facts  which  seem  almost  to 
demonstrate  the  existence  of  this  replaceable  hydrogen,  as 
such,  and  thus  to  establish  the  new  theory  of  acids.  Thos, 
meconic  acid,  which  is  tribasic,  forms,  like  tribasic  phosphoric 
acid,  three  series  of  salts,  in  which  1,  2,  or  3  eqs.  of  hydrogen 
are  replaced  by  metal.  But  while  the  meconic  acid,  as  well 
as  the  tribasic  phosphoric  acid,  readily  forms  with  oxide  of  the 
silver,  the  salt  in  which  all  the  hydrogen  is  replaced  by  silver ; 
it  cannot  form,  or  forms  with  diificaltv,  a  similar  salt  with 
potash,  with  which  it  forms  very  easily  salts  with  1  and  2 
eqs.  of  metal,  and  2  or  1  eqs.  of  hydrocen.  Here  we  have  the 
apparent  contradiction  of  a  weak  base,  oxide  of  silver, 
neutralising  the  acid  easily  and  completely;  while  a  strong 
base,  potash,  leaves  it  imperfectly  neutralised.  This  cannot, 
I  think,  be  accounted  for  on  the  old  view,  and  many  similar 
cases  might  be  mentioned.  On  the  new  view,  such  apparent 
anomalies  disappear:  for  since  the  neutralising  depends  on 
the  replacement  of  hydrogen  by  a  metal,  it  is  evident  that  an 
oxide  which  is  easily  reduced,  or  deprived  of  its  oxygen  by 
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hydrogen,  like  oxide  of  silver,  will  most  easily  neutralise  acid, 
while  a  difficultly  reducible  oxide,  such  as  potash,  cannot  he 
so  far  reduced  as  to  yield  3  eqs.  of  metal,  so  as  to  form  the 
neutral  salt. 

There  are  other  kinds  of  organic  acids  which  are  what  may 
be  called  coupled  acids ;  that  is  to  say  they  contain  an  acid 
coupled  with  another  body,  which  does  not  neutralise  the 
acid,  but  accompanies  it  in  all  its  combinations.  Thus, 
in  hyposulphonapthalic  acid,  C9oHaStOs,HO,  we  have 
hjrposulphuric  acid,  S?  Os,  coupled  with  napthaline,  C90  H«, 
and  the  coupled  acid  neutralises  exactly  as  much  base  as  the 
hyposulphuric  acid  alone  would  do.  Again,  formobenzoilic 
acid  Ci «  Hr  Os,  HO,  may  be  viewed  as  a  coupled  acid,  con- 
sisting of  formic  acid  Ca  H  Oj,  H  0  and  oil  of  oitter  almonds 
(hyduret  of  benzoyle)  C14  Ho  Os,  which  neutralises  just  as 
much  base  as  the  formic  acid  alone.  Those  coupled  acids 
which  contain  hyposulphuric  acid,  as  is  often  the  case,  are 
formed  by  the  action  of  oil  of  vitriol,  or  of  anhydrous 
sulphuric  acid,  on  organic  bodies,  when  2  eqs.  of  acid,  losing 
1  eq.  oxygen,  form  h^osulphuric  acid ;  which  commonly 
unites  with  the  organic  matter  minus  1  eq.  hydrogen,  that 
hydrogen  having  combined  with  the  oxygen  derived  from  the 
sulphuric  acid. 


In  the  following  pages  we  shall  adopt  the  arrangement  of 
Liebig,  which  has  the  advantage  of  uniting  those  substances 
which  are  naturally  allied  in  composition.  It  proceeds,  in 
the  first  place,  on  the  principle  of  describing,  under  each 
known  or  admitted  organic  radical,  aU  the  compounds  derived 
from  or  closely  connected  with  it.  After  having  gone  through 
these,  it  takes  up  the  consideration  of  the  best  known  oiganic 
aeids,  including  the  oily  acids  ;  then  the  neutral  oils,  fat,  and 
essential ;  the  resins ;  the  non-nitrogenous  colouring  matters, 
bitter  and  extractive  principles,  nitrogenised  colouring  matters 
and  their  congeners ;  the  organic  bases ;  starch ;  gum ; 
woody  fibre ;  destructive  distillation  of  wood,  of  ligjnite,  of 
coal :  nitrogenised  and  sulphurised  vegetable  principles, 
albumen,  &c.,  the  modifications  of  these  m  the  animal  King- 
dom :  bile :  nervous  matter :  gastric  juice :  saliva :  excre- 
ments :  urine  :  blood  :  lymph,  &c.  And  the  whole  is  wound 
up  ydih  considerations  on  tne  nutrition  of  plants  and  animals. 

This  arrangement  is  not  a  scientific  one,  and  in  the  present 
state  of  our  knowledge  such  an  arrangement  is,  I  fear,  unat- 
tainable.   But  it  is  very  convenient,  and,  by  judicious  group- 
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ing,  very  much  facilitates  the  learning  and  the  retaining  in 
the  memory  of  the  immense  mass  of  fads  which  at  present 
constitute  oi^ganic  chemistry. 

We  proceed,  therefore,  to  consider  those  organic  radicals 
which  are  admitted  hy  the  best  authorities,  although  they  are 
not  always  known  in  the  separate  state.  The  first  compound 
radicals  that  attract  our  attention  are  certain  binary  ones, 
already  mentioned  as  binary  compounds,  but  not  in  their 
character  of  radicals,  in  the  first  Part  of  this  work;  these  are 
amide  or  amidogen,  cyanogen,  and  carbonic  oxide. 

I.  Amide.     N  Ha»Ad»1619. 

Syn.  Amidocen.^Ii  has  already  been  mentioned  that  cer- 
tain compouncui  exist,  in  which  we  can  hardly  doubt  that  this 
substance  is  present.  Thus,  potassium  or  sodium,  heated  in 
dry  ammoniaod  ras,  disengages  1  eq.  of  hydrogen,  forming  the 
compound  KNHaorNa  NHs.  when  these  are  put  into 
water,  potash  or  soda  is  formed,  while  ammonia  is  set  free : 
K,  N  H.  +  H  0  =  K  0  -h  N  Ha.  Again,  when  oxalate  of 
ammonia,  NHs,  HO,  CaOi  is  heated,  there  are  formed, 
water  which  distils  over,  and  the  compound  NH«  CtOa 
which  remains  behind :  thus,  NHa,  HO,  C«  03=  2H0+ 
NHf  Ca  Of .  The  latter  compound  is  called  oxamide,  and  is 
a  sparingly  soluble  white  powder,  neutral  or  indifferent  in 
itself,  but  yielding,  when  digested  with  an  alkali,  ammonia, 
which  escapes,  and  oxalic  acid,  which  combines  with  the 
alkali.  Or  if  oxamide  be  heated  with  diluted  sulphuric  acid, 
it  yields  ammonia  which  combines  with  the  acid,  and  oxalic 
acid  which  cr3rstallises  in  cooling.  In  both  cases  water  is 
decomposed  :  thus  N  H»  C.  0.  -f  2H  0  =  NH3,  HO  + 
C,  Oa. 

Now  oxamide  is  interestinff,  as  being  the  tjrpe  of  a  class  of 
compounds,  all  of  which,  when  heated  with  an  alkali  or  an 
acid,  yield  ammonia  and  an  acid,  the  ammonia  and  the  anhy- 
drous acid  together  containing  just  ]  or  2  eqs.  of  water  more 
than  the  compound  which,  with  the  aid  of  water,  has  yielded 
them.  If  we  consider  oxamide  asNHt-hCvOs;  that  is,  as 
composed  of  amide  (or  ammonia  mintts  hydrogen  N  Ha),  and 
the  radical  carbonic  oxide  (or  oxalic  acid  minus  oxygen  C« 
Of),  then  all  its  congeners  are  likewise  compounds  of  amide, 
on  the  one  hand,  and  an  anhydrous  organic  acid,  mUnus 
oxygen,  on  the  other.  On  this  view  benzamide  is  benzoate  of 
ammonia,  minus  water,  (N  Ha  +  Ci  4  H«  Oa,  H  0)— 2  H  0  = 
N  Ht  +  Ci  4  Hs  Of ;  or  it  is  amide  plus  benzoyle  (the  radical 
of  benzoic  acid,  Ci  4  Hi  Oa).    Therefore,  when  benzamide  is 
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acted  on  by  potash,  ammoma  is  giyen  off,  and  benzoate  of 
potash  is  left ;  and  when  it  is  heated  with  an  acid,  a  salt  of 
that  acid  with  ammonia  is  obtained,  while  benzoic  acid 
crystallises.  There  are  a  good  many  similar  compounds 
which  are  called  amides,  and  arc  viewed  as  compoands 
of  amide. 

It  is  obvions  that  the  distinctive  characters  of  amide, 
which  is  not  known  in  the  separate  form,  are  its  powerful 
affinity  for  hydrogen,  and  its  equally  strong  tendency  to  com- 
bine with  radicals  which  have  a  very  great  affinity  for  oxygen, 
such  as  those  already  mentioned,  potassium,  sodium,  the 
radical  Ct  Oa,  and  the  radical  benzoyle.  It  is,  probably,  on 
account  of  its  having  so  great  an  aflSiiity  for  elements  of  the 
most  opposite  kind,  that  we  cannot  obtain  it  in  the  separate 
form. 

With  hydrogen  amide  forms  two  compounds,  ammonia.  Ad 
H,  and  ammonium,  Ad  H.«  The  former  may  be  called, 
in  this  view,  hydramide.  The  latter  (as  has  been  already 
explained  at  p.  67)  is  considered  to  be  a  compound  metal. 

It  is  very  remarkable,  that  when  ammonia  or  hydramide 
combines  with  an  acid,  the  resulting  compound  is  not  a  salt, 
unless  the  acid  contain  hydrogen.  Thus,  hydramide,  with  dry 
sulphuric  acid,  SOj,  forms  a  compound  which  is  not  sulphate 
of  anmxonia,  and  is  not  a  salt  at  all.  But  if,  instead  of  S  Oj, 
we  employ  oil  of  vitriol,  HO,  S Oa,  or  H,  SO4,  sulphate  of 
ammonia,  a  true  salt,  is  obtained. 

Here  we  may  conclude  that  Ad  H,  in  contact  with  H,  S  Oi, 
takes  the  hydrogen,  forming  ammonium,  and  that  the  resultins 
salt  is  composed  of  Ad  H»  +  S  O4  ;  that  is,  a  metal  combined 
with  the  sulphuric  acid  radical,  just  as  sulphate  of  potash  is 
K,  S  O4 .  In  all  the  true  salts  of  ammonia,  therefore.  Ad  H  *=s 
Am  (Ammonium)  occupies  the  place  of  a  metal,  and  may  be 
replaced  by  a  metal :  and  even  if  we  consider  sulphate  of 
potash  to  l>e  K  0,  S  O3,  we  have  only  to  view  the  sulphate  of 
ammoniaas  NH^  0,  SOas:  Ad  H^  O,  SOs=  Am  0,  S0«, 
that  is,  sulphate  of  oxide  of  ammonium. 

It  must  be  borne  in  mind,  however,  that  although  all  the 
chemical  relations  of  these  compounds  confirm  the  ammonium 
theory,  yet  neither  ammonium  nor  its  oxide  are  capable  of 
existing  uncombined  ;  for  ammonium,  when  separated,  is 
resolved  into  ammonia  and  hydrogen ;  and  oxide  of  ammo- 
nium, when  separated,  assumes  the  forms  of  ammonia  and 
water. 

Of  the  chief  compounds  of  amide,  ammonia  or  hydramide 
has  been  previously  described.    It  remains  for  us  to  direct 
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attention  to  this  substance  as  constantly  present  in  the  atmo- 
sphere in  minute  quantity,  from  whence  it  descends  in  the 
rain,  beinff  an  absolutely  indispensable  agent  in  vegetation. 
We  have  luready  seen  that  the  putrefaction  and  eremacausis  of 
nitrogenised  compounds  yields  carbonate  of  ammonia  as  a  pro- 
duct. Its  presence  in  the  air  is  therefore  certain,  a  priori, 
even  although  we  cannot  detect  it  until  it  is  condensed  and 
accumulated  in  rain.  It  is,  however,  absorbed  from  the  air  by 
almost  all  minerals  and  soils,  especially  aluminous  and  ferru- 
ginous soils ;  hence  a  trace  of  ammonia  is  often  found  where 
it  is  not  expected,  and  where  it  has  been  erroneously  believed 
to  have  been  formed  by  the  direct  union  of  hydrogen  and 
nitrogen.  This  is  the  true  explanation  of  the  very  remarkable 
and  accurate  experiments  of  Faraday,  which  have  lately  been 
confirmed  by  Will  and  Varrentrapp. 

As  an  ingredient  of  manures,  ammonia  is  most  valuable.  Its 
action  on  growing  vegetables  will  be  hereafter  explained. 

Ammonia  forms  a  large  number-  of  compounds  with  the 
oxides  of  metals,  the  chlorides  of  metals,  of  sulphur,  and  of 
phosphorus,  and  finally  with  salts  in  general.  These  belong 
rather  to  inorganic  chemistry,  and  the  limited  size  of  this  work 
forbids  us  to  describe  them  m  detail. 

But  it  is  proper  here  briefly  to  notice  the  compounds  formed 
by  amide  with  metals,  inasmuch  as  amide  is  here  viewed  as 
an  oiganic  radical,  and  some  of  these  compounds  are  veiy 
important  in  reference  to  organic  chemistry. 

Amide  then  forms  compounds  with  potassium,  sodium, 
mercury,  copper,  silver,  and  platinum.  The  two  former  are 
of  a  greenish  olive  colour,  ana  their  action  on  water  has  been 
described  above.  The  amide  or  amidide  of  mercury,  Hg  Ad, 
is  not  known  in  a  separate  state,  but  forms  with  bichloride  of 
mercury  the  salt  called  white  precipitate,  Hg  Ad+HgClt. 

This  salt  is  prepared  by  »lding  ammonia  to  a  solution  of 
bichloride  of  mercury.  When  boiled  with  potash,  it  yields 
another  salt,  Hg  Ad  +  Hg  Cl>  +  HgO«.  The  amidide  of  mer- 
cury also  combines  wim  the  basic  sulphate,  and  the  basic 
nitrates  of  the  same  metal,  forming,  with  the  basic  protonitrate, 
the  soluble  mercury  of  Hahnemann. 

The  amidide  of  copper.  Ad  Cu,  is  only  known  in  combina- 
tion with  the  hyposulpnate  and  with  the  nitrate  of  ammonia. 

The  amidide  of  silver,  A^  Ad,  is  known  in  combination  with 
the  nitrate,  sulphate,  selemate  and  chromate  of  ammonia. 

But  it  is  the  amidide  of  platinum  which  offers  the  greatest 
interest,  as  it  gives  rise  to  several  very  singular  compounds, 
exhibiting  the  chaiactexa  of  very  powmol  bases.    These  re- 
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markable  substances  have  been  studied  by  Gros,  Reiset,  and 
very  recently  by  Peyrone,  but  are  yet  far  from  being  understood. 
We  shall  endeavour  briefly  to  state  what  is  known  of  them. 

When  bichloride  of  platinum,  Pt  Clt,  is  heated  for  some  time 
to  nearly  the  melting  point  of  tin,  it  loses  half  its  chlorine,  and 
is  converted  into  protochloride,  rt  CI,  which  forms  a  powder 
of  a  dirty  brownish  green  colour,  insoluble  in  water.  By 
continued  digestion  in  ammonia,  with  the  aid  of  heat,  the 
protochloride  is  first  changed  into  a  green  crystalline  compound, 
which  finally  dissolves  entirely,  forming  a  yellowish  solution, 
which  on  evaporation  deposits  yellowish  white  prismatic 
crystals.  The  green  crystalline  compound,  discovered  by 
magauSf  contains  the  elements  of  protochloride  of  platinum 
and  those  of  ammonia,  Pt  CI  N  Hs  ;  the  yellowish  white 
crystals,  discovered  by  Reiset,  contain  twice  as  much  ammonia 
and  the  elements  of  water,  Pt  CI,  2  N  H  3  +  aq. 

These  two  compounds  are  yery  remarkable ;  neither  of  them 
contains  ammonia  as  such ;  both  are  insoluble  in  hydrochloric 
and  dilute  sulphuric  acids.  But  the  ^een  compound  of  Magnus 
dissolves  in  nitric  acid,  with  evolution  of  nitrous  acid,  and  the 
solution  on  cooling  deposits  white  crystalline  scales,  while  the 
liquid  contains  no  ammonia.  These  white  scales,  discovered  by 
Gros,  are  the  nitrate  of  a  new  base,  Pt  CI  N9H0O ;  which  may 
be  derived  from  2  eq.  of  the  insoluble  compound  of  Magnus, 
Pt^ClsNaHd,  by  the  loss  of  1  eq.  of  protochloride  of  platinum 
and  the  addition  of  1  eq.  of  oxygen.  This  base  acts  exactly  like 
the  basic  oxide  of  a  metal,  or  like  oxide  of  ammonium,  N  H4O, 
combining  with  acids  and  forming  neutral  salts.  It  not  only 
•forms  salts  with  nitric  and  sulphuric  acids  and  the  like,  but 
with  hydrochloric  acid  it  yields  a  heavy  crystalline  powder, 
which  is  a  chloride,  bearing  the  same  relation  to  the  base  as 
chloride  of  ammonium,  N  H4CI  (sal  ammoniac)  does  to  oxide 
of  ammonium.  This  chloride,  therefore,  is  Pt  CI  NaHaCl, 
and  the  radical  of  the  oxide  or  base  and  of  the  chloride,  will 
be  Pt  CI  K9H0.  corresponding  to  ammonium,  N  H4.  Although 
Ores  did  not  isolate  either  the  radical  or  its  oxide,  yet  from  the 
characters  and  composition  of  its  salts,  there  can  be  no  doubt  of 
its  existence.  If  we  represent  this  radical,  PtCl  NtH«  by  R, 
then  we  have 

R  O  =  oxide,  the  base  of  the  salts,  aaalogouB  to  K  O  or  N IJ  4 
R  O  +  S  03=  R  +  8  04=  sulphate,  analogous  to  K,  S  O4 
R  O  +  N  0»=  R  +  N  06=  nitrate,  analogous  to  K,  N  0« 
R  CI  =  chloride,  analogous  to  K  CI  or  N  H 4,  CI 

The  soluble  crystalline  compound  of  ReisetyPtClNsH*  +aq. 
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when  heated  to  212^,  becomes  anhydrooB,  and  is  then  PtClN«, 
Ha,  that  is,  it  has  the  same  composition  as  the  radical  of  the 
base  and  salts  of  Gros.  Bat  it  is  not  this  radical ;  on  the  con- 
trary, it  is  the  chloride  of  a  different  radical,  Pt  N«Ha,and  its 
true  formula  is  PtNtH.  -fCl. 

This  new  radical  is  also  perfectly  analogous  to  ammonium,  as 
may  be  exhibited  in  a  tabular  form  as  follows. 


Ammonium  NH4=:Am 
8^;^«^}ptN.H.=B' 

Chlorine 

Sulphate. 

Nitrate. 

Double  Chloride 
with  Platinum. 

Am  CI 

R'a 

AmS04 
R'S04 

Am  NO* 
R'NOe 

AmCl  +  PtCls 
R'a  +PtCla 

In  the  case  of  ammonium,  we  cannot  isolate  the  oxide  Am  O 
^  NH4O,  as  it  instantly  resolves  itself  into  ammonia  and 
water,  N  Ha  +  H  0.  But  the  oxide  of  Reiset's  platinum  radical, 
R'0,=  Pt  N.H.O,  or  rather  its  hydrate  Pt  N«H«0  -h  aq.  is 
easily  obtained  from  the  sulphate  by  adding  just  so  much 
baryta  as  will  remove  the  sulphuric  acid,  and  evaporatinf  the 
filtered  solution  in  yacuo,  when  the  hydrated  oxide  crystallises 
in  colourless  needles.  This  compound  is  strikingly  analogous 
to  hydrate  of  potash :  it  is  a  powerful  caustic,  attracts  carl^nic 
acid  from  the  air  as  strongly  as  potash,  and  exhibits  all  the 
chemical  characters  of  one  of  the  strongest  alkalies.  Few 
compounds  are  so  remarkable  as  this  base.  We  shall  call  it 
the  base  a. 

This  singular  compound  may  be  viewed  as  containing  the 
elements  of  protoxide  of  platinum,  ammonia  and  water,  Pt  O, 
2  N  H.,  H  0.  When  heated  to  212%  it  loses  its  water  and 
half  its  ammonia,  leaving  a  compound  Pt  N  HsO  or  Pt  O, 
N  H3,  which  appears  to  be  another  new  ba.se,  b,  combining 
with  acids  and  forming  salts  which  detonate  when  heated. 
This  last  compound,  when  heated  in  the  air,  bums  like  tinder, 
and  leaves  metallic  platinum.  It  is  the  oxide  of  a  third 
radical,  6,=PtN Ha. 

With  hydrochloric 'acid  the  base  a  of  Reiset  yields  water 
and  the  original  chlorine  compound,  thus:  PtNtH«,  0  + 
H  CI  =  Pt  NaH«,  01  +  H  0.  When  this  chloride  is  heated 
to  from  265°  to  290*',  it  loses  ammonia,  and  there  is  left  a 
yellow  powder,  discovered  by  Peyrone,  which  dissolves  easily 
in  hot  water,  and  has  the  composition  of  the  green  insoluble 
crystalline  compound  of  Magnus,  Pt  CI  N  Hj,  of  which  it  is  an 
isomeric  modincation.    Indeed,  the  compound  of  Magnus, 
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(althoiigh  insolnble  in  hot  water,)  if  boiled  with  a  saturated 
solution  of  sulphate  or  nitrate  of  ammonia,  dissolyes  and  is 
deposited  on  cooling  in  yellow  ciystals.  The  yellow  ammo- 
niated  protochloride  of  platinum  of  Peyrone  readily  dissolves 
in  ammonia,  and  the  solution  yields  fine  colourless  prisms  of 
the  original  chlorine  compound  of  Reiset,  but  apparently  not 
containing  1  eq.  of  water  of  crystallization,  which  is  said  to  be 
present  in  the  yellowish  white  crystals  obtained  by  Reiset  from 
the  green  compound  of  Magnus. 

When  the  yellow  compound  of  Peyrone  is  acted  on  by 
nitrate  of  silver,  it  yields  chloride  of  silyer,  and  two  new  com- 
pounds containing  nitric  acid  and  platinum,  one  of  which  forms 
yellow  octahedrons. 

If  the  sulphate  of  Reiaet's  base^  PtNtHo  +  SO«be  acted 
on  by  iodide  of  barium,  Ba  1,  there  is  formed  sulphate  of 
baryta,  Ba  S  O4,  and  a  protoiodide  of  Reiset 's  radical,  a. 
Pt  N2H0,  I.  This  iodide  is  soluble  and  crystallisable,  and 
when  boiled  with  water,  loses  ammonia,  while  a  new  iodine 
compound  is  precipitated,  PtNHa,  I,  corresponding  to  the 
chlorine  compound  of  Peyrone  and  to  that  of  Magnus,  both  of 
which  are  PtN  Ha  CI. 

This  new  iodine  compound  seems  to  be  the  iodide  of  the 
third  radical,  6,  Pt  N  Ha ;  for  when  acted  on  by  nitrate  or  sul- 
phate of  silver,  it  yields  iodide  of  silver,  and  a  nitrate  or 
sulphate  of  this  new  radical  or  of  its  oxide,  Pt  N  Hs,  I  -|-  Ag, 


S  O4  =  Pt  N  Ha,  S  0*  + Ag  I ;  and  Pt  N  Ha,  H-Ag,  N  Oi,= 
Pt  N  Ha,  N  0«  4-  Aff  I.  These  new  salts  may  of  course  be 
represented  as  Pt  N  Ha,  O  -|-  S  Oa,  and  Pt  N  Ha,  0  +  N  O5. 


With  ammonia,  these  salts  vield  the  nitrate  and  sulphate 
ef  Reiset's  base  a ;  and  with  hydrochloric  acid  they  yield  the 
yellow  compound  of  Peyrone.  This  would  indicate  that  the 
latter  compound  is  Pt  N  Ha,  CI,  the  chloride  of  the  radical 
Pt  N  Ha,  while  the  green  salt  of  Magnus  may  be  the  ammo- 
niated  protochloride  of  platinum  Pt  CI  -f  Nrla,  or  probably 
PtCl,NHa-haq. 

Here  we  have,  at  all  events,  three  very  remarkable  com- 
pounds, which  contain  platinum  and  the  elements  of  ammonia. 
There  is,  first,  the  radical  b  last  despribed,  Pt  N  Ha  ;  secondly, 
the  radical  of  Reiset's  base,  a,  PtNsiH«;  and  thirdly,  the 
radical  of  Gros's  base,  Pt  CI  N«H«. 

Now  we  have  given  the  history  of  these  compounds  some- 
what minuDBly,  because  their  existence  throws  much  light  on 
the  nature  of  a  numerous  and  important  class  of  bodies, 
namely,  the  vegetable  bases  or  alkaloids. 

It  wUl  be  observed,  then,  that  the  three  new  radicals  above 
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described  all  contaiil  nitrogen^  indeed,  all  contain  the  elements 
of  ammonia,  and  are  in  their  chemical  relations  entirely  analo- 
gous to  ammoniam.    Thus  we  have 


Ammonium. 
Radical  of     1 

Reiset'B 

baM6         J 
Radical  of 

Roiset^B 

base  a 
Radical  of 

Grot's  base  J 


Radical 


NH4 
PtNHa 

PtNsHa 
PtClNaHe 


Oxide. 


NH4  +  O 
PtNH»+0 

PtNaH«+0 
PtClNaH6  + 


Chloride. 


NH4  +  CI 
PtNHs+Cl 


Sulphate. 
NH4+SO4 


PtNHs  +  S04 


1^ 


PtNsHe+Cl    PtNsH«  +  S04 
OPtCINaHe  +  ClPtClNsHe  +  SO4 


That  the  above  formulae  represent  in  some  respects  truly  the 
relation  of  these  new  bases  to  one  another,  is  rendered  probable 
by  the  £act  that,  while  the  radical  and  base  b  of  Retset  differ 
from  his  radical  and  base  a  by  containing  1  eq.  of  ammonia  less, 
and  these  last  from  those  of  Gros  by  containing  1  eq.  of  chlo- 
rine less,  we  can  actually  transform  the  salts  of  Reiset's  base  6 
into  those  of  his  base  a,  by  the  addition  of  ammonia  ;  and  the 
nitrate  of  Reiset's  base  a,  by  the  addition  of  chlorine,  yields  a 
salt  haying  the  properties  of  the  nitrate  of  Qros's  base. 

Now  we  have  seen  that  ammonium  maybe  viewed  as  acorn- 
pound  of  amide,  as  N  Ha  +  Ha=  Ad  (ia.  May  we  not  there- 
fore suppose  the  new  radicals  to  be  also  compounds  of  amide  ? 
May  not  Reiset's  radical  b  be  ammonium,  m  which  1  eq.  of 

hydrogen  has  been  replaced  by  1  eq.  of  platinum,  Ad  ^  px  « 

Again,  just  as  we  have  seen  in  acids,  viewed  as  hydrogen  com- 
pounds, analogous  elements  added  to  the  radical  without  affect- 
ing the  neutralizinff  power  of  the  acid,  which  remains  the  same 
as  long  as  the  repuKeaMe  hydrogen  continues  unchanged,  we 
can  suppose  amide  to  be  a  basic  radical,  forming  with  hydrogen 
the  base  ammonia,  but  capable  of  taking  up  into  the  radical 
analogous  elements  without  affecting  the  hasic  character  of  the 
ammonia,  because  we  have  now  the  hydrogen  compound  of  an 
analogous,  but  more  complex,  basic  radical.  On  this  view, 
Reiset's  radical  5,  may  be  the  hydrogen  compound  of  a  basic 
radical,  more  complex  than  amide ;  in  fact,  amidide  of 
platinum.  Its  formula  would  then  be  Ad  Pt  +  H,  and, 
although  on  this  view  it  should  correspond  to  ammonia,  rather 
than  ammonium,  we  cannot  speak  positively,  as  this  is  the 
least  known  of  the  three. 
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The  other  two  radicals  may  be  readily  viewed  as  hydrogen 
compounds  of  complex  amidides,  as  ammonium  is  the  hycLro- 
gen  compound  of  amidide  of  hydrogen. 

Amide,  N  Ht  =  Ad,  with  hydrogen,  forms  ammonia  Ad  H, 
and  ammonium  Ad  H  +  H.  tn  like  manner,  in  the  radical  a 
of  Reiset*s  salts,  we  have  a  complex  amide,  composed  of 
amide  and  amidide  of  platinum,  Ad  +  Pt  Ad  =  Pt  Ad», 
which,  with  1  eq.  hydrogen,  may  be  supposed  to  form  a  com- 
pound analogous  to  ammonia,  Pt  Ad?,  H,  and  with  two  eq.  of 
hydrogen,  actually  does  form  the  radical  a  of  Reiset,  Pt  Ad  7 
H  +  H,  exactly  analogous  to  ammonium.  So  the  radical  of 
Gros  may  be  derived  from  the  complex  amide  Pt  CI  Ad  -f  Ad 
=  Pt  CI  Ad»,  which  may  form  Pt  CI  Ad»  -|-  H  and  Pt  CI  Ad. 
H  +  H,  the  latter  being  the  actual  composition  of  the  radical 
of  Qros,  corresponding  to  ammonium. 

It  may  also  be  mentioned,  that  just  as  we  may  view  ammo- 
niacal  salts  as  containing  ammonia  and  water  rather  than 
ammonium  and  oxygen,  so,  the  base  b  of  Reiset  may  be,  N  Hs 
+  PtO,  analogous  toNHs  +  HO  in  the  salts  of  ammonia. 
If  sulphate  of  ammonia  beNHs,  HO  +  SOj,  the  sulphate  of 
Reiset 's  base  b  will  then  beNHs,  PtO-fSOa,  the  protoxide 
of  platinum  here  playing  the  part  of  water,  or  in  other  words, 
platinum  pla^ng  the  part  of  hydrogen,  a  substitution  far  from 
unnatural  or  miprobable.  Again,  if  we  consider  the  ammoniaco- 

sulphate  of  copper  to  be  2^   Q*  {  -I-SO3,  then  the  sulphate 

of  Reiset 's  base  a  wil  beSNHaJ  -I-SO3,  where  platinum  re- 
PtO   > 

S laces  copper,  also  a  not  improbable  substitution.  Reiset  is 
isposed  to  adopt  this  view 
The  chloride  of  Gros's  radical,  Pt  CI  Na  Ha  +  CI,  may  be 
viewed  as  a  compound  of  bichloride  of  platinum  with  ammonia, 
Pt  CU  +  2  N  Hj,  and  there  is  even  reason  to  think  that  com- 
pounds of  that  radical  may  be  obtained  from  the  solution  of 
bichloride  of  platinum  in  ammonia. 

From  the  above  remarks  it  will  appear  that  every  probable 
view  which  can  be  taken  of  these  very  interesting  bases  con- 
nects them  with  amide,  ammonia,  or  ammonium,  and  it  is  for 
this  reason  that  they  have  been  treated  of  in  this  section. 
Many  pages  might  be  filled  with  details  concerning  them : 
but  we  nave  here  onljr  indicated  those  points  which  will  help 
to  elucidate  the  constitution  of  the  vegetable  alkalies. 

That  important  class  of  compounds  not  only  contains  nitro- 
gen, as  an  essential  element,  but  exhibits  the  same  analogy 
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with  ammonia  which  we  have  seen  to  exist  in  the  compound 
platinum  bases.  Moreover,  like  these  bases,  the  alkaloids  do 
not  appear  to  contain  ammonia  as  such;  and  the  probability  is 
veiy  great  that  their  constitution  is  analogous  to  that  of  the 
bases  now  described.  Recent  researches  by  Berzelius,  not  yet 
published,  are  said  to  have  established  that  the  oi^ganic  bases 
contain  ammonia,  coupled  with  other  compounds. 

II.  Carbonic  Oxiok  (u  a  lUaical)  ;  Ca  Os=28-106. 
S3m. :  OxdfyU. — There  is  good  reason  to  believe  that  the 
radical  of  ox/dic  acid  is  formed  of  2  eq.  of  carbonic  oxide.  It 
has  long  been  known  that  carbonic  oxide,  in  the  sun's  li^t, 
combines  with  chlorine  to  form  phosgene  gas  or  chlorocarbonic 
acid,  C  O,  CI  or  C  f  0  V ,  CI » .  This  compound  may  be  viewed  as  the 
chloride  of  the  radical  Ca  Oi»,  or  as  carbonic  acid  in  which  1  eq. 

of  oxygen  is  replaced  by  chlorine,  C  <  qi  corresponding  to  C  <  q 

or  CO  a.  But  the  existence  of  this  radical  is  more  securely 
inferred  from  the  combinations  it  forms  with  oxygen,  potas- 
sium, and  amide. 

CARBONIC  OXIDE  AND  OXTGXN. 

1.  Oxalic  Acid  (Ca  Os)  0  +  H  O,  or  Ca  04,  H=:44I32. 

lliis  acid  occurs  in  nature,  generally  in  the  form  of  an  acid 
oxalate  of  potash  in  certain  vegetable  juices,  such  as  that  of 
oxalis  acetosella,  also  as  oxalate  of  lime  in  many  lichens.  It 
is  formed  artificially  by  the  action  of  nitric  acid  on  su^, 
starch,  and  many  other  organic  compounds ;  also  by  the  action 
of  hypermanganate  of  potash  on  sugar,  &c. 

To  prepare  it,  one  part  of  pure  starch  is  gently  heated  with 
8  parts  of  nitric  acid,  Sp.  G.  1*20  or  1*25.  A  very  energetic 
reaction  ensues,  and  much  nitrous  acid  is  disengaged ;  when 
this  slackens,  heat  is  applied,  and  continued  till  no  more  red 
vapours  appear,  when  the  liquid,  if  sufficiently  evaporated, 
deposits,  on  cooling,  a  laige  quantity  of  crystals  of  hydrated 
oxalic  acid.  These  are  dried  on  a  porous  tile,  to  remove  the 
mother  liquor  which  contains  much  free  nitric  acid,  saccharic 
acid,  and  other  products.  The  dried  crystals  being  dissolved 
in  a  little  hot  water,  the  solution,  on  cooling,  deposits  pure  oxalic 
acid  in  four-sided  prisms,  which  are  colourless,  veiy  acid,  very 
soluble  in  hot  water,  moderately  so  in  cold  water.  These  crys- 
tals contain  3eq.  of  water  of  crystallisation,  Ca  Oa,  H  0-1-3 aq. 
When  sharply  heated,  a  part  sublimes  as  dry  acid,  Ct  Oa, 
H  0.  Oxalic  acid  is  destroyed  by  heat  without  blackening, 
which  serves  to  distinguish  it  from  most  other  oiganic  acids. 
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It  is  yery  poisonous,  &nd  is  the  cause  of  maay  fatal  accidents 
from  its  similarity  to  £p8om  salts,  from  which,  howeyer,  it  is 
easily  distinguished  by  its  yery  sour  taste.  The  best  antidote 
is  prepared  chalk  administered  in  water,  which  forms  the 
insolaole  and  inert  oxalate  of  lime.  It  is  easily  detected  by 
forming  with  lime  water,  or  a  soluble  salt  of  lime,  if  no  free 
acid  be  present,  the  yery  insoluble  oxalate  of  lime,  which  when 
dried  and  heated  to  low  redness  is  conyerted,  without  black- 
ening, into  carbonate  of  lime. 

When  oxalic  acid,  or  any  of  its  salts,  is  heated  with  oil  of 
yitriol  in  excess,  a  brisk  efferyescence  takes  place,  and  the 
gas  giyen  off  is  a  mixture  of  equal  yolumes  of  carbonic  acid 
and  carbonic  oxide.  This  character  furnishes  another  good 
means  of  recognising  oxalic  acid.  The  reaction  is  yeiy  simple, 
for  Ca  Oa,  H  0  +  H  O,  S Oa  =  (S  O-  +2H  0)  -h  C  0  +  00,. 
The  sulphuric  acid  seizes  the  whole  of  the  water,  and  the 
anhydrous  oxalic  acid,  CvOj  cannot  exist  in  the  separate  state. 

When  the  oxalates  of  certain  protoxides,  as  those  of  cobalt 
and  nickel,  are  heated  in  close  yessels,  the  metal  is  left :  car- 
bonic acid  being  giyen  off;  Co  O,  C»03=CO-f2COf.  Other 
oxalates,  as  that  of  manganese,  giye  off  carbonic  acid  and  car- 
bonic oxide,  leaying  the  protoxide  of  the  metal,  Mn  O,  CtOs 
=  MnO  +  CO-fCOa. 

Oxalic  acid  forms  salts  with  bases,  many  of  which  are  inso- 
luble. The  insolubility  of  the  oxalate  of  lime  renders  oxalic 
acid  useful  as  a  test  for  lime,  and  as  a  means  of  separating  it, 
and  determining  its  quantity,  in  analysis.  As  a  test,  it  is  com- 
monly used  in  the  form  of  oxalate  of  ammonia.  It  can  only 
detect  lime  in  neutral  or  alkaline  fluids,  the  oxalate  of  lime 
being  soluble  in  free  acids. 

The  formation  of  oxalic  acid  by  the  action  of  oxidising  agents 
on  oi^ganic  matters,  is  a  partial  oxidation  of  their  carbon ;  when 
that  oxidation  is  complete,  carbonic  acid  is  the  result.  The 
action  of  nitric  acid  on  starch  or  sugar  is  complicated,  and  not 
80  well  understood  as  to  admit  of  l^ing  expressed  in  the  form 
of  an  eouation ;  but  the  oxidation  of  sugar  by  permanganate 
of  potasn  is  yeiy  simple,  and  is  thus  represented,  Ci  sHi  oOi  o 
-h  6  (K  O,  Mna  07^  =  6  (K  0,  CO.)  -h  10  H  0  -h  12Mn  0, ; 
that  is,  1  eq.  of  annydrous  sugar,  with  6  eq.  of  the  perman- 
ganate, produces  6  eq.  of  oxalate  of  potash,  10  eq.  of  water, 
and  12  eq.  of  peroxide  of  manganese. 

The  most  important  oxalates  are  thosa  of  potash,  Ume,  and 
ammonia.  There  are  three  oxalates  of  potash  ;  the  neutral 
oxalate,  K  0,  C«Oj  +  aq. ;  the  binoxalate,  K  0,  Ct0«  +H0, 
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CiOa  +  2  aq  ;  and  the  quadroxalate,  K  O,  C.Os  +  3  (H  0, 
CaOa  +4aq.  The  douhle  oxalate  of  potash  and  oxide  of 
chroniom,  described  by  me  some  years  since,  forms  crystals 
which  are  black  by  reflected,  deep  bine,  by  transmitted  light 
The  solution  is  green  and  red  at  the  same  time  by  day-light, 
crimson  red  by  candle-light.  Sir  D.  Brewster  has  described, 
in  the  Edin.  Phik  Trans,,  the  veiy  remarkable  optical  proper- 
ties of  this  salt.  The  oxalate  of  lime  is  Ca  O,  Ca  O*  +  2  aq. 
The  oxalate  of  silver  Ag  O,  CtOs,  detonates  when  heated, 
yielding,  like  several  other  oxalates  of  the  noble  metals, 
carbonic  acid,  and  the  metal.  The  oxalate  of  ammonia, 
N  H4O,  CdOs  +  aq.  is  much  used  as  a  test.  It  crystallises 
very  readily.  When  heated,  it  gives  rise  to  a  veir  remarkable 
compound,  namely,  oxamide,  wluch  is  the  type  of  a  class.  We 
shall  here  consider  it. 

0xamide,CaHftN09H=Ca0  +NH8=344-296. 

When  oxalate  of  ammonia  is  heated  in  a  retort,  it  gives  rise  to 
a  variety  of  products,  and  among  these,  to  a  white  czystalline 
powder,  insoluble  in  cold  water,  which  is  oxamide.  It  may 
be  formed  far  more  abundantly  by  the  action  of  ammonia  in 
solution  on  oxalate  of  oxide  of  ethyle,  or  oxalic  ether.  (See 
oxalate  of  oxide  of  ethyle.) 

The  remarkable  character  of  oxamide  is,  that  while  itself 
neutral,  and  certainly  containing  neither  oxalic  acid  nor  ammo- 
nia, it  is  easily  converted  into  oxalic  acid  and  ammonia  by 
boiling  it  either  with  strong  acids  or  strong  alkalies.  In  this 
reaction,  the  elements  of  1  eq.  of  water  are  shared  between  the 
constituents  of  oxamide,  that  is,  between  the  radical  Ct  O2  and 
the  radical  amide,  NHs;  for  oxamide  is  nothing  more  than 
oxalate  of  ammonia,  NH4O, CaOs,  minus  2  eq.  of  water,  or 
NHs,CvO».  A  veiy  small  portion  of  an  acid,  for  example,  is 
sufficient  to  produce  ihin  effect  on  a  large  quantity  of  oxamide ; 
for  if  the  acid  we  add  be  neutralised  by  the  ammonia  produced, 
a  corresponding  quantity  of  oxalic  acid  is  set  free,  and  acts  as 
any  other  acid  would  do.  A  minute  proportion  of  an  acid, 
therefore,  here,  appears  to  exert  its  influence  on  an  unlimited 

Eortion  of  oxamide,  but  this  is  only  in  appearance.  The  fact, 
owever,  that  the  presence  of  a  little  oxalic  acid  enables  oxa- 
mide to  decompose  water  and  to  produce  ammonia  and  oxalic 
acid,  is  very  important,  and  tends  to  throw  light  on  many 
similar  changes  m  the  organic  kingdom,  where  the  agency  u 
not  so  apparent. 

But  oxamide  is  not  the  only  product  of  the  action  of  heat  on 
oxalate    of  ammonia;  for,  besides  carbonic  add,  carbonic 
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oxide,  hydrocyanic  acid,  water,  ammonia,  and  oxamide,  all  of 
which  are  or  may  be  formed,  there  is  produced,  when  the  heat 
is  so  regulated  that  a  honey  yellow  residue  remains  in  the 
retort,  a  new  acid,  called  oxamic  add,  which  constitutes  that 
residue.  It  is  mixed  with  a  little  oxamide,  which  is,  however, 
left  undissolved  by  hot  water,  in  which  the  oxamic  acid 
dissolves. 

Oxamic  acid  forms  soluble  and  crystallisable  salts  with 
time,  baiyta,  ammonia,  and  oxide  of  silver.  Acids  precipitate 
it  from  the  saturated  solution  of  its  compound  with  ammonia, 
as  a  white  sparingly  soluble  powder,  the  composition  of  which 
isC^HjNOs+aq.  Although  an  acid,  tiiis  compound  exhibits 
all  the  relations  of  a  compound  of  amide  or  amidogen,  being 
converted  by  the  action  of  alkalies  at  a  high  temperature  into 
oxalic  acid  and  ammonia.  It  diifers,  however,  from  oxamide 
in  yielding  2  eq.  oxalic  acid  and  1  eq.  ammonia ;  for  1  eq. 
of  oxamic  acid,  plus  3  eq.  of  water,  contains  the  elements  of 
binoxaiate  of  ammonia.  C^Os,  N  H«  -f  3  H  0=(H  0,  C^Os) 
+(NU4  0,  CsOs).    This  also  explains  its  production  : — 

fi»r  2  cq.  OxftUte  of  Ammoni*  2  (N  H40,C90a)=K:4H«N808 
when  acted  on  by  heat,  ■ 

Yield  1  eq.  amixionia  =     HsN 

3  eq.  water  =     Hs      Os 

1  eq.  anhydrouB  oxamic  acid    :=iC4HaN  O5 


Together  .  .  .  CTHsNiOs 
Oxamic  acid  is  certainly  a  very  remarkable  compound, 
being  an  acid  amidide,  or  at  least  admitting  of  being  so 
regarded,  CiOs,  N  H2.  There  are  a  few  other  examples  of 
aad  amidides,  and  we  shall  soon  come  to  one,  namelv, 
euehnmic  add,  which  is  highly  analogous  to  oxamic  acid: 
being  formed  by  the  action  of  heat  on  mellitate  of  ammonia, 
along  with  a  neutral  amidide,  paramide,  similar  to  oxamide ; 
and  as  oxamic  acid  yields  acid  oxalate,  so  euchronic  acid 
yields  acid  mellitate  of  anunonia  when  lon^  boiled  with 
water.  Cyanic  acid  may  also  be  considered  as,  m  some  sense, 
an  acid  amidide  ;  for  Ca  N  0,  H  0=C,  0.,  N  H;  and  C,  Oa, 
NH-f  2H0=NHj,  2C0»;  or,  as  Ib  well  known,  cya- 
nic acid,  in  contact  with  water,  produces  bicarbonate  of 
ammonia. 

Oxamic  acid  mav  further  be  viewed  as  a  coupled  oxalic 
acid,  the  adjunct  m  which  is  oxamide:  for  C4  Os  NH*  is 
equal  to  Ca  Oj  +  C»  Oa,  N  Ha.  Berzelius  adopts  this  view, 
and  is,  generally  speaking,  favourable  to  the  idea  of  coupled 
acids. 
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An  alcoholic  solution  of  oxalic  ether,  when  ammonia  is 
cautiously  added  till  a  precipitate  of  oxamide  just  begins  to 
appear,  yields  a  veiy  beautifully  crystallisable  compound,  long 
known  as  oxamethan,  which  is  nothing  else  than  oxamate  of 
oxide  of  ethyle  (see  salts  of  oxide  of  ethyle).  Its  composition 
is  C.  Hr  N  0.  =  (C*  Ub)  0  +  C*  H«  N  Os.  A  similar  com- 
pound exists  with  oxide  of  methyle,  and  was  formerly  called 
oxamethylan. 

2.  Carbonic  Acid.     C  09=22. 

This  acid  has  been  already  described,  and  it  is  introduced 
here  merely  because  it  is  formed  by  the  complete  oxidation  of 
carbonic  oxide  ;  C  0.+0.=2  C0». 

CARBONIC  ACID  AND  CHLORINE. 

Chlorocarbonic  Add.     C  |  ^j  or  C  O  +  Cl«  495. 

Syn.  Phosgene  gas.  When  equal  volumes  of  chlorine  and 
carbonic  oxide  are  mixed  and  exposed  to  the  sun*s  rays,  they 
combine  to  form  a  colourless  gas,  of  a  pungent  disagreeable 
smell,  which  acts  strongly  on  the  eyes.  Sp.  G.  of  the  fpA 
3*399.  When  dissolved  in  water,  it  decomposes  it,  producmg 
carbonic  and  hydrochloric  acids.  With  alcohol  and  pyroxilic 
spirit  it  produces  yeiy  remarkable  compound  ethers,  to  be 
afterwards  described. 

With  ammonia,  this  acid  forms  sal  ammoniac,  and  a  white 
volatile  ciystalline  substance,  which  is  carbamide,  C  O,  N  H«, 
produced  as  follows:— CO,  CI  +  2  N  Ha  =  N  H*.  01  -f  CO, 
NH,. 

Under  the  inBuence  of  the  mineral  acids,  carbamide  yields 
ammonia  and  carbonic  acid,  C  0,  N  H«  +H 0=C  0«  -f  N  H j . 

The  chlorocarbonic  acid  may  be  considered  as  carbonic  acid 

C  4-  J  Q  in  which  half  the  oxygen  has  been  replaced  by  its 


equivalent  of  chlorine,  C  -|-   |  pi 


CI. 

CARBONIC  OXIDE  WITH  POTASSIUM. 
Oxycarburet  of  Potassium :  Rhodizonic  Acid. 
When  potassium  is  heated  in  carbonic  oxide  gas,  combina- 
tion takes  place,  and  a  dark  olive  powder  is  formed,  composed 
of  carbonic  oxide  and  potassium,  in  the  proportions  of  CrOr  + 
Ka,  or  7  C0  +  3K.  This  substance  is  formed  in  large 
quantity  in  the  preparation  of  potassium  from  carbonate  of 


CROCOKIO  AND  HELLTTIC  ACIDS.  295 

potash  and  charcoal,  and  is  the  source  of  great  loss  as  well  as 
inconvenience.  No  such  compound  is  formed  with  sodium, 
for  which  reason  that  metal  may  he  more  cheaply  prepared 
than  potassium. 

The  ox^carhuret  of  potassium,  if  heated  in  the  air,  takes 
fire,  hut  if  exposed  to  moist  air,  or  placed  in  water,  it  is 
converted  into  the  potash  salt  of  a  new  acid,  rhodizonic  acid, 
hydrogen  heing  disengaged,  C?  Or  K»-f  3H  0  =  Cr  O7, 
3K  O  +  Ha.  As  this  hydrogen,  however,  is  not  pure,  hut 
contains  carhon,  the  reaction  is  probably  more  complicated. 

All  the  salts  of  rhodizonic  acid  are  deep  red,  and  when  in 
crystals,  reflect  a  green  light.  The  rhodizonate  of  potash, 
when  heated  in  solution  in  water,  undergoes  a  very  remark- 
able chaoge,  yieldinff  free  potash,  oxalate  of  potash  and  croco- 
nate  of  potash,  the  latter  being  the  salt  of  another  new  acid 
containing  the  same  elements  as  rhodizonic  acid  in  different 
proportions ;  this  salt  is  Cs  Ot,  K  O  or  Cs  Oa,  K.  The 
composition  of  rhodizonate  of  potash  explains  this  re-action 
perfectly, for  C7  07+3K0=K04-K0,  C,  O3+KO,  C.  O*. 

Croconic  Acid.     Ca  O4,  H  O  ?  or  C»  Oa,  H. 

This  acid  is  named  from  the  yellow  colour  of  its  salts.  It  is 
obtained  from  the  croconate  of  potash,  prepared  as  above,  by 
the  action  of  fluosilicic  acid,  which  separates  the  potash.  The 
acid  is  yellow,  soluble  in  water  and  alcohol,  and  crystallises 
easily.    All  its  salts  are  likewise  yellow. 

The  rhodizonic  acid,  Cr Or,  3110,  may  be  viewed  as  a  tri- 
basic  hydrogen  acid.  Or  Oi  o  Ka  :  the  croconic  acid  may  also 
be  viewed  both  as  a  nydrated  oxygen  acid,  Cs  O4,  H  0,  and  as 
a  hydrogen  acid,  Cs  0«,  H.  In  this  last  form  it  connects 
itself  with  carbonic  oxide,  as  it  may  be  5  C  O+H.  The  same 
remark  applies  to  another  remarkable  acid,  containing  the 
same  elements,  namely  the  mellitic  acid. 

Mellitic  Acid.     C4  Os,  H  O  or  C4  O4,  H. 

This  acid  occurs,  combined  with  alumina,  in  a  very  rare 
mineral,  probably  of  organic  origin,  the  mellite  or  honey- 
stone.  The  acid  is  soluble,  very  sour,  and  permanent,  not 
being  altered  by  hoiling  nitric  or  sulphuric  acids,  nor  by  a 
heat  of  nearly  580**.  The  general  formula  of  its  aedts,  when 
dried  at  212%  is  M  0,  C.  O4  H,  or  H  0,  C*  O4  M.  The  salt 
of  silver,  however,  at  212°,  loses  1  e<j.  of  w§iter.  and  is  left  as 
C4  O3,  Ag  0,  or  C4  O4,  Ag.  According  to  the  latter  formula, 
the  radical  in  this  salt,  heated  to  212^,  is  a  form  of  carbonic 
oxide,  €4  04=4  0  0. 
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The  crystallised  acid  C4  O3,  H  0,  or  C4  O4  H,  appeara  to 
unite  witn  most  bases  without  the  separation  of  water, 
generally  observed  when  salts  are  formed.  And  although  the 
silver  salt  would  seem  to  contain  a  different  radical,  yet  it 
yields,  when  decomposed,  the  original  mellitic  acid. 

The  mellitate  of  silver  may  also  be  looked  on  as  oxalate 
of  silver  Ag  0,  Ct  Oj,  plus  2  eq.  of  carbon  in  the  acid  Ag 
0,  C4  Oa.. 

The  mellitate  of  ammonia,  NH4  0,  C4Ha,  when  heated  in 
a  retort,  yields  several  new  and  remarkable  products,  When 
this  salt,  N  Ha,  H0,C4  03=C4H4N04  is  heated  to  320% 
it  gives  off  ammonia  and  water,  and  there  remains  a  mixture  of 
two  new  compounds;  a  soluble  one  which  contains  euchronie 
acidf  in  combination  with  ammonia,  and  an  insoluble  one 
which  is  called  parcunide, 

Paramide  is  a  yellow  solid,  like  clay.  Its  most  remarkable 
character  is  that,  when  long  boiled  with  water,  it  is  converted 
into  bimellitate  of  ammonia.  This  is  the  character  of  an 
amide,  hence  its  name.  The  composition  of  paramide  is 
Ca  H  N  O4,  which  readily  explains,  both  its  formation,  and  its 
conversion  into  bimellitate  of  ammonia. 

If  from  bimellitate  of  ammonia,  NH4O,  C40a  +  H0,C408=C8HflNO8 
we  Bubtract  4  eq.  of  water  ...  .  H*    O4 


there  will  remain  .     .  Paramide  ^CsH  NO4 

and  of  course,  when  reconverted  into  bimellitate  of  ammonia 
by  long  boiling,  it  merely  takes  up  again  these  4  e^.  of  water. 

1  he  soluble  compound,  euchronate  of  ammonia,  when  its 
solution  is  acted  on  by  hydrochloric  acid,  deposits  a  white 
crystalline  powder,  which  is  euchronie  acid,  Cj,N0,,2H0. 
Its  formation  is  easily  explained  ;  for 

if  from  3  eq.  of  mellitate  of  ammonia=3  (C4H4N04)=iC  1  sH  1  sNaOi  2 
we  subtract  6  eq.  water  and  2  eq.  ammonia  =:        HisN^O^ 

there  will  remain  anhydrous  euchronie  acid         ^C is        N  Oe 

We  can  now  see  that  the  action  of  heat  on  7  eq.  of  mellitate 
of  ammonia  gives  rise  to  the  following  substances  : — 

2  eq.  Paramide  =  CioHa  NgOa 

1  eq.  Euchronie  Acid  =r  Cii        N  0« 
4  eq.  Ammonia            ^  H19N4 

14 eq.  Water  =  Hi4      0i4 

7  eq.  mellitate  of  ammonia       r=        CaaHaaNfOa* 
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When  enchronic  acid  is  boiled  with  water,  it  is  dissolved 
and  converted  into  an  acid  mellitate  of  ammonia. 
1  eq.  Euchronic  Acid  =         Ci9      NO0 

and  6  eq.  Water  =  He    Oe 

Together         .        .        GisHeNOxs  areequal  to 

3  eq.  Mellitic  Add  =:        CisHa    Ox  a 

and  1  eq.  Ammonia        =  HsN 


Together        •        .        CisHoNOia 

Enchronic  acid  is  deoxidised  bj  a  plate  of  one,  yielding  a 
powder  of  a  fine  deep  bine  colour,  which  dissolves  in  ammonia 
or  potash,  with  a  splendid  tint  of  pnrple.  The  blue  powder 
is  an  inferior  oxide  of  the  same  mtrogenised  radical,  which, 
combined  with  more  oxygen,  forms  enchronic  acid.  The 
whole  snbject  of  mellitic  acid  and  enchronic  acid  is  most 
interesting,  bnt  mellitic  acid  is  so  rare  that  it  is  veiy  difficult 
to  find  material  for  the  investigation.  As  mellitic  acid,  like 
succinic  acid,  is  of  organic  origin,  and  contains  only  1  eq.  of 
hydrogen  less,  and  1  eq.  of  oxygen  more  than  succinic  acid, 
we  may  hope  to  be  enabled  to  obtain  it  artificially. 

III.  Ctanookk.  C«  N = Cy = 26-23« 
This  very  important  compound  has  already  been  mentioned 
as  a  compound  of  carbon  and  nitrogen  ;  but  we  have  now  to 
consider  it  in  its  far  more  important  character  of  a  compound 
radical.  In  fact,  it  was  the  first  compound  radical  discovered, 
and  the  discovery  of  cyanogen  by  Ghiy-Lussac  has  proved  more 
fertile  in  results  than  any  other  discovery  yet  made  in  Organic 
Chemistry.  As  cyanocen  acts  exactly  like  an  element,  we 
shall  represent  it  by  tne  symbol  Cy,  rather  than  by  C«  N ; 
using  the  latter  only  where  the  elements  of  cyanogen,  and  not 
itaeu,  enter  into  changes  and  reactions. 

Of anogen  is  formed  when  animal  matter  is  ignited  along 
with  cad^nate  of  potash  in  close  or  covered  iron  vessels.  The 
cyanogen  being  a  gas,  and  combustible,  would  be  dissipated, 
and  in  open  vesseb  burned,  were  it  not  that  it  enters  into  com- 
bination with  potassium  derived  from  the  carbonate,  forming 
cyanide  of  potassium,  K  Cy,  a  salt  not  altered  by  a  red-heat  in 
close  vessels.  As  this  scJt,  however,  is  decomposed  by  the 
action  of  water,  yielding  carbonate  of  potash  and  of  ammonia, 
hvdro^n being  set  free,  (K,C>  N-|-6H  0=KO.COt+NH>, 
HO,C0«-hH),  it  is  necessary  to  convert  the  cyanide  of 
potaasium  into  a  more  stable  compound.    This  is  effected  by 
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the  addition  of  iron,  or  of  snlphnret  of  iron,  the  latter  of  which 
is  formed  by  the  mutual  action  of  the  sulphate  of  potash 
(alwajrs  present  in  potashes),  carbon,  and  the  iron  of  the 
vessel.  The  iron,  or  its  sulphuret,  is  readily  dissolved  by  the 
aqueous  solution  of  cyanide  of  potassium,  yielding  cyanide  of 
iron,  Fe  Cy,  and  sulphuret  of  potassium  K  S,  for  K  Cy+Fe  8= 
FeCy+KS.  The  elements  of  the  cyanide  of  iron  then  form, 
with  cyanide  of  potassium,  the  very  permanent  double  cyanide, 
well  known  as  prussiate  of  potash,  properly  ferrocyanide  of 
potassium,  which  forms  large  and  pure,  transparent  yellow 
crystals.  From  this  compound,  all  the  other  compounds  of 
cyanogen,  and  cyanogen  itself,  are  prepared.  Its  empirical 
formula  is  Fe  Cy,  2  K  Cy-|-3  H  0,  or  Fe  K,  Cy»  +3  H  0.  At 
212*"  it  loses  all  the  water,  and  then  contains  only  iron,  potas- 
sium, and  cyanogen  Fe+Ksr+Cva.  It  may  be  conveniently 
viewed  as  a  compound  of  <nraniae  of  iron  with  cyanide  of 
potassium ;  but  we  shall  see  nereafter  that  its  rational  foimnla 
IS  probably  veiy  different,  and  that  it  is  a  compound  of  potas- 
sium  with  a  new  radical,  ferrocyanosen. 

Cyanogen  gas  is  best  prepared  W  heating  dried  bicyanide  of 
mercury,  when  the  gas  is  given  off,  a  part,  however,  assuming 
the  solid  form,  and  remaining  behind  as  a  black  matter,  para- 
cyanogen,  isomeric  with  cyanogen  :  or  by  heating  a  mixture  of 
6  parts  dried  ferrocyanide  of  potassium,  and  9  parts  bichloride 
of  mercury,  when  chloride  of  potassium  is  formed  by  the 
action  of  the  bichloride  on  the  cyanide  of  potassium  of  the 
ferrocyanide,  and  the  cyanide  of  mercury,  if  formed,  is  at  once 
decomposed  by  the  heat.  Fe  Cy,  2  K  Cy-fHg  Ch=Fe  Cy, 
2  K  Cl-|-Hg+Cy».  The  cyanide  of  iron  is  not  altered.  The 
gas  may  be  collected  over  mercuiy,  but  is  absorbed  by  water, 
with  which  it  produces  the  various  changes  which  have  been 
minutely  explained  at  pp.  277  and  278.  It  has  a  very  pungent 
and  peculiar  smell,  is  colourless  and  transparent ;  and  may  be 
liquefied  by  a  pressure  of  about  4  atmospheres.  It  is  combus- 
tible and  bums  with  a  beautiful  pink  or  purplish  flame. 

Cyanogen  forms  with  hydrogen  an  acid,  the  hydrocyanic, 
H  Cy ;  with  oxygen  and  the  elements  of  water,  three  acida.  C^ 
0,  HO ;  Cy«  0«,  2 H  0  ;  and  Cya  Os,  3  H  0  ;  of  which  the 
first  is  cyanic,  the  second  fulminic,  and  the  third  is  cyannric 
acid.  With  chlorine,  &c.  it  combines ;  with  sulphur  it  forms 
a  new  radical  Cy  S»,  sulphocyanogen  ;  and  with  metids  it 
forms  salts,  perfectly  analogous  with  chlorides,  such  as  K  Cy, 
Fe  Cy,  Ag  Cy,  Hg  Cy »,  &c.  In  short  it  plays  exactly  the  part 
of  a  simple  radical,  and  were  it  not  easily  decomposable,  we 
ahonld  at  once  class  it  with  chlorine  as  an  dement. 
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CYANOGBN  AND  HTDROOBN. 

Hydrocyanic  or  Prusaic  Add.     H  Cy = 27*23. 

This  acid  may  he  obtained  by  a  great  yariety  of  processes  ; 
but  the  easiest,  most  economical,  and  most  certain,  is  to  act  on 
the  ferrocyanide  of  potassiam  with  diluted  sulphuric  acid. 
The  process  requires  to  be  slightly  modified,  acconling  as  our 
object  is  to  prepare  the  dry  or  anhydrous  acid,  or  the  diluted 
aqueous  solution  of  it  used  in  medicine. 

1.  An^drouB  Acid. — To  prepare  this  acid,  15  parts  of  pow- 
dered ferrocyanide  are  to  be  mstilled  at  a  gentle  heat  with  a 
mixture  of  9  parts  of  oil  of  vitriol,  and  9  of  water,  and  the  pro- 
duct is  to  be  received  in  a  convenient  receiver  placed  in  a 
freezing  mixture,  and  containing  5  parts  of  chloride  of  calcium 
in  small  lumps.  As  soon  as  liquid  enough  has  distilled  to  cover 
the  chloride,  the  distillation  is  stopped,  and  the  hydrocyanic 
acid,  deprived  of  water  by  the  chloride  of  calcium,  is  to  be 
decanted  into  a  dry  and  well-stopped  bottle.  It  may  also  be 
obtained  by  distilling,  under  similar  circumstances,  cyanide  of 
potassium  with  dilute  sulphuric  acid.  In  both  cases,  the  acid 
is  formed  by  the  reaction  of  sulphuric  acid  on  cyanide  of  potas- 
sium, or  its  elements.  KCy-|-H,S04=K,S04-|-HCy.  Dry 
hydrocyanic  acid  is  a  limpid  and  colourless  liquid,  of  Sp. 
G.  0*6067  at  66^ ;  at  ^9**  it  becomes  a  fibrous  mass,  in  conse- 
quence of  the  presence  of  a  trace  of  water ;  and  at  80°  it 
boils ;  the  density  of  its  vapour  is  0*9476.  It  is  inflammable, 
and  has  a  veiy  peculiar  and  disagreeable  smell  and  taste.  It 
is  the  most  energetic  poison  known,  one  drop  introduced  into 
the  month  being  sufiScient  to  destroy  an  animal  of  considerable 
size.  When  pure  it  is  soon  spontaneously  decomposed,  de- 
positing  a  dark  brown  solid  ;  a  trace  of  sulphuric  acid  causes 
it  to  keep  perfectly.  When  in  contact  with  the  strong  mineral 
acids  and  water,  it  is  decomposed,  being  converted  in  ammonia 
and  formic  acid  ;  H,  C.N-l-4  HO=NHj,  HO+C,  HO3. 

2.  Medicinal  or  diluted  Hydrocyanic  Add. — This  may  be 
prepared  by  simply  diluting  the  anhydrous  acid  with  the 
required  proportion  of  water,  adding,  for  example,  97  grains  of 
water  to  3  of  the  acid,  to  obtain  an  acid  of  3  per  cent ;  which 
is  about  the  average  strength  used  in  medicme.  In  round 
numbers,  to  one  part,^  um^^,  of  dry  acid,32f  parts  of  water, 
by  weight,  are  to  be  added  :  or,  to  1  volume  of  anhydrous  acid, 
22^  volumes  of  water.  But  as  it  is  troublesome  to  prepare  the 
anhydrous  acid,  it  is  best  to  distil  2  parts  of  ferrocyanide,  with 
1  of  sulphuric  acid  and  2  of  water,  to  dryness  in  a  chloride  of 
calcium  bath,  condensing  in  a  Liebig's  apparatus,  (see  woodcut) 
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in  the  receiver  of  which  2  more  parts  of  water  are  placed.  By 
this  means  we  obtain  4^  parts  of  an  acid,  not  anhydrous,  bnt 


fax  too  strong  for  nse,  containing  from  15  to  20  per  cent«  of 
dry  acid.  Its  precise  strength  is  ascertained,  and  it  is  reduced 
to  the  standard  strength,  in  the  following  simple  manner  : 

Any  convenient  quantity,  say  60  or  100  grains,  is  weighed 
out,  being  added  to  a  counterpoised  vessel  containing  about  2 
drachms  of  nitrate  of  silver,  dissolved  in  2  or  3  ounces  of  water. 
Let  us  suppose  that  we  have  dropped  into  this  vessel  70  ^prains 
of  our  acid.  This  will  be  entirely  converted  into  cyanide  of 
silver,  but  we  make  sure  by  testing  with  a  drop  of  nitrate  of 
silver.  The  precipitate  is  then  collected  on  a  filter,  well 
washed,  dried  at  212'*  on  a  weighed  filter,  and  the  increase  in 
weight  of  the  filter  gives  the  weight  of  the  cyanide  of  silver 
formed.  Now  this  cyanide  is  formed  as  follows :  H  Cy+ 
(AgO,  N  Os  )=  Ag  Cy  -f  (HO,  NO* ).  Therefore,  1  eq.  of  hydro- 
^anic  acid,  H  Cy=  27-23  produces  1  eq.  cyanide  of  silver  Ag 
Cy=134'54;  or  1  grain  of  anhydrous  nydrocyanic  acid  wifl 
yield  almost  exactly  5  grains  of  cyanide  of  silver ;  for  27*23  : 
134*54  : :  1  :  4*94.  We  may,  therefore,  safely  assume  that 
the  weight  of  the  cyanide  of  silver,  divided  by  5,  gives  tiie 
weight  of  anhydrous  acid  present  with  sufiicient  accuracy  for 
all  practical  purposes.  Now,  we  have  used  70  grains  of  our 
dilute  acid,  the  strength  of  which  we  wish  to  know.  Let  us 
suppose  that  our  filter  weighs,  when  emptv,  20  grains,  and 
with  tlie  cyanide  of  silver,  dried  at  212°  till  it  ceases  to  lose 
weight,  1 00  grains.  The  diflPerence,  or  80  grains,  is  the  weight 
of  cyanide  of  silver  obtained  from  70  grains  of  our  add. 
Dividing  this  by  5,.  we  have  16  grains  as  the  weight    of 
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inbydroiis  acid  contaiiied  in  the  70  graixu,  and  conseqaently 
combined  with  54  of  water. 
Now,  if  we  wish  to  state  the  per-<»ntage  of  this  acid,  we  obtain 

it  by  the  calculation,  70  :  16  :  :  100  :  x,  and  x  =  i?  "hi?? 

=  22*85,  80  that  our  acid  contains  22*85  per  cent,  of  anhy> 
drons  add.  But  if  our  only  object  be  to  reduce  the  acid  to 
a  standard  strength,  say  that  of  3  per  cent.,  this  last  calcula- 
tion is  unnecessary,  ana  we  can  proceed  as  follows  :  acid  of  3 
per  cent,  contains  3  grs.  of  dry  acid  and  97  of  water ;  there- 
fore, to  find  how  much  water  is  to  be  added  to  16  grs.  of  anhy- 
drous acid, 3  :  97  :  :  16  :  X, and x=  ?^+l?  =  5173  grains  of 

3 
water,  which  must  be  added  to  16  grs.  of  anhydrous  acid,  to 
bring  it  to  the  same  strength.  But  our  70  grains  of  acid  con- 
tain already,  with  the  16  of  anhydrous  acid,  54  grains  of  water, 
consequently  we  have  only  to  add  to  these  70  grains  517*3 
—  54  =  463  3  grains  of  water,  and  the  same  quantity  of  water 
for  every  70  grsuns  of  the  same  acid.  Of  course,  it  is  easy  to 
calculate  the  water  necessaiy  for  1  or  more  ounces  of  the  acid, 
when  we  have  once  found  it  for  any  given  quantity.  I  have 
here  supposed  70  grains,  but  with  50  or  100  the  calculation  is 
easier,  and  with  a  drachm  by  weight  (60  grains),  we  have 
simple  data  for  calculating  how  much  water  is  required  for  any 
number  of  ounces  or  drachms,  troy,  of  acid. 

This  beautiful  and  simple  method  of  preparing  the  medicinal 
hydrocyanic  acid,  and  ascertaining  its  precise  strength,  has  been 
minutely  described,  because  of  iU  practical  importance.  It  is 
so  simple  an  operation,  that  any  one  may  very  soon  learn  to 
ascertain  the  strength  of  hydrocyanic  acid,  and  it  is  very  exact. 
Besides,  no  other  method  of  obtaining  a  medicinal  acid  of  uni- 
form strength  ought  to  be  trusted  to ;  and  we  ought  never 
to  attempt  to  obtain  the  acid  of  the  standard  strength  by  distil- 
lation, although  many  methods  are  given  for  t£is.  I  have 
never  seen  any  one  of  these  yield  twice  the  same  result ; 
^ereas  by  the  above  method  we  can  prepare  acid  of  exactly 
the  same  strength  any  number  of  times,  and  the  acid  prepared 
from  the  ferrocyanide,  by  sulphuric  acid,  keeps  perfectly  well. 
Of  course,  when  we  have  added  the  calculated  quantity  of 
water  to  ledtace  the  acid,  it  is  proper  to  ascertain  its  strength 
once  more,  to  make  sure  that  we  have  made  no  error  in  our  cal- 
culation. If  it  be  acid  of  3  per  cent.,  it  will  yield  15  grains  of 
cyanide  of  silver  from  100  of  acid. 

There  are  two  other  methods  which  deserve  to  be  mentioned, 
as,  with  pore  materials  and  careful  manipulation,  they  yield,  in 
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a  few  miniites,  a  standard  acid.  The  first  is  that  of  Dr.  Clarke, 
who  adds  to  1  eq.  cyanide  of  potassinm  dissolved  in  water, 
2  eq.  Tartaric  acid,  which  separates  the  potaasiom  as  cream 
of  tartar,  while  diluted  hydrocyanic  acid  remains  dissolved. 
For  every  100  grs.  of  water,  7^  grs.  of  cyanide  of  potassinm 
and  16^  of  crystallised  Tartaric  acid,  are  required.  This  is  an 
excellent  extemporaneous  process,  if  we  have  pure  cyanide  of 
potassium,  hut  that  salt  does  not  keep  well,  and  even  in  its 
preparation  it  is  apt  to  he  decomposed,  at  least  partially.  It  is, 
Besides,  an  expensive  salt.  The  other  is  the  process  of  Everett, 
who  suspends  cyanide  of  silver  in  water,  and  adds  an  equiva- 
lent of  hydrochloric  acid.  Ag  Cy  -h  H  CI  =  Ag  Cl-h  H  Cy . 
This  is  also  a  good  extemporaneous  process,  16  grs.  of  Ag  Cy 
heing  used  for  every  100  of  water,  and  4  grs.  of  dry  H  CI,  that 
is,  ahout  12  grs.  of  acid  Sp.  G.  1*21,  heing  added.  This  process 
is  also  expensive,  although  the  silver  is  not  lost ;  but  the  chief 
objection  is,  that  it  is  difficult  to  add  the  precise  amount 
of  hydrochloric  acid  which  is  necessary,  and  that  an  excess 
causes,  pro  tanto,  a  conversion  of  the  hydrocyanic  add  into 
formic  acid  and  ammonia. 

The  medicinal  acid  has  the  smell  and  taste  of  the  anhydrous, 
and  is  very  poisonous,  the  average  dose  safe  for  an  adult  being 
1  to  2  drops  in  a  glass  of  water.  It  is  much  used  as  a  sedative 
and  anodyne,  but,  unless  its  strength  and  dose  be  perfectly 
known,  it  is  a  dangerous  remedy.  Fatal  accidents  have  occurred 
from  prescriptions,  found,  after  experience,  to  act  favourably, 
being  made  up  in  another  place,  or  by  the  same  druggist  with  a 
fresh  stock  ;  this  fresh  stock  being  exactly  of  the  standard 
strength,  while  the  previous  acid  had  lost  so  much  by  keeping 
that  the  dose  had  been  of  necessity  increased.  There,  danger 
actually  arose  from  a  too  weak  acid  being  used.  Hence  Sie 
necessity  for  the  great  exactness,  for  which  roles  are  given  above. 
In  cases  of  poisoning  by  this  acid,  now  unfortunately  of  very 
frequent  occurrence,  there  is  seldom  time  to  administer  an  anti- 
dote ;  but  when  life  is  not  extinct,  we  may  confidently  rely  on 
the  antidotes  we  possess.  The  best  is  the  administration  of  two 
solutions,  one  of  mixed  sulphate  of  protoxide  and  peroxide  of 
iron,  and  the  other  of  carbonate  of  potash,  as  recommended  by 
Messrs.  Smith,  Edinbuigh,*  by  which  the  acid  still  in  the 
stomach  is  rendered  insoluble,  being  converted  into  Prussian 
blue.  The  symptoms  already  produced  are  best  combated  by 
ammonia  inspired  from  a  sponge,  or  taken,  diluted,  internally, 
and  by  other  diffosable  stimulants ;  also  by  the  cold  affiosion. 

Hydrocyanic  acid  is  very  easily  recognised  by  its  smell,  and 
•  Stt  Lancet  for  1844,  Vol.  II.  p.  41. 
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by  its  forming  Prussian  blue  if  acted  on,  in  solntion,  sao 
cessively,  by  proto-pennlphate  of  iron,  by  potasb,  and  by  an 
excess  of  hydrochloric  acid.  The  first  two  tests  form  the 
Prussian  blue,  the  last,  dissolving  the  excess  of  oxide  of  iron, 
brings  the  bine  into  view.  Any  liquid,  suspected  to  contain 
hydrocyanic  acid,  ought  first  to  be  distilled  with  the  addition 
of  a  little  dilute  sulphuric  acid,  and  the  tests  applied  to  the 
first  ounce  that  comes  over.  Nitrate  of  silver  produces  a 
white  cloud  of  cyanide  of  silver,  exactly  like  the  chloride  in 
apnearance. 

Hydrocyanic  acid,  with  metallic  oxides,  gives  rise  to  water 
and  netaliic  cyanides.  H  Cy-|-M  0=H  0-|-M  Cy :  or  2  H  Cy 
-hM0,=2H0+MCy.. 

OYANOGBN  AND   OXTOKN. 
1.  Cyanic  Acid.     Cy  O,  H  0  =  Cy  O2,  H  =  43  -25. 

A  monobasic  acid  ;  is  formed  when  dry  cyanide  of  potassium 
a  heated  in  the  air,  when  oxygen  is  absorbed,  and  cyanate  of 
poUsh  is  produced.   KCy+0>=KO,  Cy  0  or  K,  Cy  Os. 

When  a  stronger  acid  is  added  to  this  salt,  the  cyanic  acid 
is  set  free,  but  immediately  decomposes  with  water,  producing 
ammonia  which  unites  with  the  strong  acid  used,  and  carbonic 
acid  which  escapes  as  gas.  C*  N  0,  H 0  +  2  HO  =  N  Ha 
-f  2C  O*.  The  carbonic  acid  carries  with  it  a  little  cyanic 
acid,  which  forms  dense  white  vapours,  and  has  a  pungent  acid 
smell  like  that  of  strong  acetic  acid.  Under  all  circumstances, 
free  cyanic  acid,  in  contact  with  water,  is  instantly  destroyed. 

It  may,  however,  be  obtained  in  the  anhydrous  state,  accord- 
ing to  the  formula  Cy  Oa  +  H,  or  as  monohydrated  acid,  if 
viewed  as  Cy  0,  H  0,  by  distilling  cyanuric  acid,  Cys  0«  + 
Ha,  or  Cya  0*  +  3  H  O.  This  acid  is  isomeric  with  cyanic 
add,  and  when  heated,  1  eq.  cyanuric  add  splits  up  into  3  eq. 
cyanic  add,  which  appears  in  the  receiver  as  a  volatile, 
pungent,  very  corrosive  acid  liquid.  This  acid  only  keeps  for 
a  very  snort  time,  even  in  the  freezing  mixture  in  whicn  it  is 
condensed.  If  removed  from  the  cold,  it  soon  becomes  turbid, 
then  hot,  boils  violently,  and  with  violent  shocks,  and  is  con- 
verted into  a  solid  dense  white  body,  lik^  porcelain,  quite 
insoluble  and  indifferent. 

This  is  Cvamelide,  another  isomeric  compound,  containing 
the  same  elements  in  the  same  proportions,  but  differently 
arranged,  possibly  CaOai  -|-N  H  ;  for  it  yields,  under  the  influ- 
ence of  water  and  strong  acids,  carbonic  acid  and  ammonia, 
{C«0.,NH-f2HO=2CO«  +NH>)  just  as  cyanic  add 
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does.     When  distilled,  it  is  reconyerted  into  cyanic  add, 
another  proof  that  it  is  isomeric  with  that  acid. 

OTANATES. 

The  salts  of  cyanic  acid  are  all  distinguished  by  the  aetion 
on  them  of  strong  acids,  which  cause  disengagement  of  carbonic 
acid,  while  ammonia  may  now  be  detected  in  the  liquid.  The 
emanates  of  potash,  ammonia,  &c.,  are  soluble,  those  of  lead, 
silver,  &c.,  insoluble. 

CtfomaJbB  ofpoioih  is  best  formed  by  the  oxidation  of  Li&big^ 
cyanide  of  potassium,*  which  may  easily  be  effected  by  aiding 
lithaige  in  proper  quantity  to  the  melted  salt,  K  Cy+2  Pb  0 
=K,  Cy  Off  +  JPb*.  The  cooled  mass  is  powdered  and  h>iled 
with  alcohol  of  80  per  cent.,  which  on  cdoling  deposits  pure 
ciystals  of  C3ranate  of  potash,  yery similar  to  chlorate  of  poash. 
Or  dried  ferrocyanide  of  potassium,  mixed  with  half  its  we^t 
of  peroxide  of  manganese,  may  be  gently  heated,  spread  out  on 
an  iron  plate,  when  it  bums  like  tinder,  partly  at  the  expense 
of  the  oxide  of  manganese,  partly  in  the  oxygen  of  the  air.  It 
is  well  stirred  till  every  part  has  glowed,  and  the  cold  mass  is 
treated  with  alcohol  as  above. 

Cyanate  of  potash  must  be  kept  in  sealed  tubes,  for  in  phials 
occasionally  opened  it  is  soon  changed  into  bicarbonate  of 
potash,  ammonia  being  given  off.  K,  C * N  0 1  +3  H  0=(K0 1 
2  C  Off)  +  N  H« :  Triturated  with  dried  oxalic  acid,  this  salt 
yields  oxalate  of  potash  and  cyamelide.  When  acetic  add 
is  added  to  a  concentrated  freshly  made  solution  of  cyanate  of 
potash,  the  latter  being  in  excess,  there  is  deposited  the  acid 
cyanurate  of  potash, 

CO.  {H,    or  Cy.O.  \^^\% 

CYANATE  OF  AMMONIA. 

a.  hasic.  When  dry  ammonia  and  the  vapour  of  cyanic  acid 
are  mixed,  they  form  a  light  white  solid,  which  is  a  cyanate  of 
ammonia,  containing  more  ammonia  than  is  required  for  a 
neutral  salt.  This  salt  gives  off  ammonia  when  treated  with 
alkalies,  and  cnranic  add  when  treated  with  sulphuric  acid. 
But  if  dissolved  in  water,  and  the  solution  digested  and  evapo- 
rated, it  yields  crystals,  which,  although  containing  the 
elements  of  cyanic  acid,  ammonia,  and  water,  exhibit  neither 
of  these  characters  of  a  cyanate,  but  are  found  to  possess  all 
the  properties  of  iirM,  a  product  of  the  animal  system. 

*  The  fomatioa  of  this  salt  will  be  deecribed  below. 
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b.  anomalous  c^anaie  of  ammonia^  or  area^  GtNsH^Ossis 
(Ct  N  0,  H  0,  N  Ha).  This  remarkable  compound  exists  in 
Luge  proportion  in  healthy  urine,  and  is  extracted  from  it  by 
evaporating  it  about  200°  to  a  thin  syrup,  and  adding  about  an 
equal  volume  of  colourless  nitric  acid,  Sp.  G.  1*35,  quite  free 
from  nitrous  acid,  which  forms  a  very  copious  crystallisation 
of  nitrate  of  urea,  while  the  colouring  matter  is  destroyed 
with  brisk  effervescence.  If  cold  be  applied,  the  colouring 
matter  resists,  and  the  nitrate  is  then  very  dark  and  very  dif 
ficult  to  purify ;  cold  ou^ht,  therefore,  not  to  be  used,  and  the 
nitrate  of  urea  is  deposited  nearly  white,  having  only  a  clear 
yellow  tint.  It  is  dissolved  in  water,  after  being  reciystal- 
lised,  and  neutralised  by  potash  or  baryta.  The  whole  is  then 
gently  evaporated  to  dryness,  after  separating  as  much  nitrate 
of  potash  or  of  baryta  as  possible,  and  the  dry  mass  digested  in 
alcohol,  which  dissolves  only  the  urea,  and  by  spontaneous 
evaporation  yields  it  in  large  transparent  prismatic  crystals. 
Should  these  not  be  colourless,  the  digestion  of  their  aqueous 
solution  with  a  little  permanganate  of  potash,  which  nas  no 
action  on  urea,  destroys  the  colounng  matter  entirely. 
Should  an  excess  of  that  salt  be  added,  a  few  drops  of  alcohol 
will  instantly  destroy  it,  and  the  filtered  liquor  will  yield 
snow-white  crystals  of  urea. 

But  although  urea  may  thus  be  obtained  (or  by  the  action  of 
oxalic  acid  on  the  urine,  which  forms  a  spariniy^ly  soluble 
oxalate  of  urea)  in  any  quantity  frx)m  urine,  it  is  found  much 
easier  to  prepare  it  artificially  from  cyanate  of  ammonia. 
Liebig  recommends  the  following  process,  which  I  have  found 
to  succeed  perfectly.  28  parts  of  dried  ferrocyanide  of  potas- 
sium, and  14  of  peroxide  of  manganese  are  mixed  in  powder 
and  calcined,  as  above  described,  on  a  flat  iron  plate  at  a  very 
low  red  heat,  sufficient  to  keep  up  the  glow  which  takes  place. 
When  this  is  over,  the  cold  mass,  powdered,  is  acted  on  by  a 
moderate  quantity  of  cold  water,  which  dissolves  the  cyanate 
of  potash.  This  is  filtered  off,  and  set  aside.  A  fresh  portion 
of  cold  water  being  added  to  the  powder,  to  wash  it,  is  also 
filtered,  and  in  this  liquid  are  now  dissolved  20-^  parts  of 
sulphate  of  ammonia,  and  the  solution  is  added  to  the  first 
filtered  solution  of  the  cyanate.  A  large  quantity  of  sulphate 
of  potash  is  deposited,  which  is  strained  off,  and  the  filtered 
liquid  now  containing,  with  some  sulphate  of  pota^,  all  the 
cyanate  of  ammonia,  is  evaporated  to  dryness,  during  which 
process  the  cyanate  of  ammonia  is  transformed  into  urea.  The 
dry  mass  is  digested  in  alcohol,  which  dissolves  only  the  urea, 
and  yields  it  from  the  fiist  chemically  pure  and  in  any  quan* 
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tity,  if  the  operation  be  carefdly  perfonned.     Urea  thus 
obtained  is  far  cheaper  than  that  extracted  from  urine. 

The  artificial  production  of  urea  from  cyanate  of  ammonia, 
was  discovered  by  Wohler.  It  was,  with  the  exception  of 
oxalic  acid,  and  of  hydrocyanic  acid,  the  first  example  of  an 
organic  product  artificially  formed,  although  many  other  cases 
are  now  known. 

Urea  forms  4-sided  prisms,  resembling  nitre  in  appearance, 
and  also  in  their  taste,  which  is  saline  and  cooling,  exactly  like 
that  of  nitre.  It  is  soluble  both  in  water  and  alcohol.  When 
heated,  it  melts,  gives  off  much  ammonia,  and  finally  solidifies, 
being  in  a  great  measure  converted  into  ammonia  and  cyanuric 
acid. 

Urea  belongs  to  the  class  of  organic  bases,  for  it  forms 
ciystallisable  compounds  with  several  acids,  such  as  nitric, 
oxalic,  and  acetic  acids. 

The  nitrate,  when  impure,  crystallises  in  scales  of  a  hig^ 
lustre ;  when  pure,  it  forms  opaque  prions,  or  a  crystalline 
powder.  It  is  sparingly  soluble  in  cold  water,  but  very 
soluble  in  hot  water.     Formula,  (C>  N.  H*  0*,  H  0,  N  O.). 

The  ox£klate  forms  long  transparent  prisms,  very  sparingly 
soluble.  Formula,  (C.  Ns  H*  0«,  HO,  Ca  0.)  =  C«N. 
Hs  0«. 

The  acetate  I  have  obtained  as  a  mass  of  prismatic  crystals, 
exceedingly  soluble  in  water.  Formula,  probably  (C«  Nt  H4 
0.,  H  0,  64  H,  03)=C«  Na  He  0- 

Although  urea  combines  with  pure  nitric  acid,  it  is  instan- 
taneously decomposed  by  hyponitrous  acid,  yielding  ammonia, 
water,  and  equal  volumes  of  carbonic  acid  and  nitrogen  gases. 
C.  N.  H*  0,  -h  N  Oa  =  N  Hti  -h  H  O  -h  2  C  0,  4-  N.. 
When  acted  on  by  strong  acids,  or  alkalies,  with  the  aid  of 
heat,  urea  takes  up  the  elements  of  water,  and  forms  carbonate 
of  ammonia,  C«  NtH4  Ot-f-2  H  0=2  (N  Hs,  C  Oa).  When 
urine  is  left  in  contact  with  the  mucus  usually  suspended  in 
it,  the  mucus  entering  into  decomposition  excites  in  the  urea 
such  a  reaction  with  the  elements  of  water,  as  veiy  soon  to 
convert  the  whole  urea  into  carbonate  of  ammonia.  Hence  the 
reason  why  urine  soon  becomes  alkaline,  even  if  acid  when 
voided.  £ut  if  filtered  from  the  mucus  as  soon  as  passed,  it 
keeps  unchanged,  in  clean  vessels,  for  a  long  period. 

2.  FoLMiNic  Acid.    Cja  Oa,  2H0 = Cy a  O4,  Ha  =  86-5. 
A  bibasic  acid,  unknown   in  the  separate  form.     It    is 
obtained  in  combination  with  oxide  of  mercury,  or  oxide  of 
silver,  by  treating  idcohol  with  the  nitrates  of  these  metals. 
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and  free  nitric  acid.  A  violent  effeiresoence  takes  place,  dense 
white  yapoars-  are  disengaged,  and  a  ciystalline  powder  is 
deposited,  which  is  fulminate  of  mercuiy  or  of  silver.  Both 
detonate  powerfollj  by  heat,  friction,  or  percussion. 

In  the  above  reaction  there  are  first  formed,  on  the  one 
hand,  hyponitrous  acid  ;  on  the  other,  aldehyde,  and  formic 
and  oxalic  acids.  The  fulminic  acid  is  the  result  of  a  reaction 
between  oxide  of  ethyle  (ether)  and  hyponitrous  acid,  in 
presence  of  oxide  of  mercury  or  oxide  of  silver.  2  NOj  + 
(C4  H*)  0=  C4  N.  0,+  6  H  0  =  Cy .  Oa,  2 H  0  +  3  H  0. 

This  acid  cannot  be  isolated,  being  instantly  decomposed 
when  deprived  of  a  fixed  base.  It  forms  two  series  of  salts : 
neutral,  with  2  eq.  of  fixed  base,  Cy*  Ot,  2M  0  ;  and  acid, 

2^  Q   It  also 

forms  salts  with  1  eq .  of  two  different  bases,  of  which  one  is 
always  easily  reducible,  as  oxide  of  silver,  mercury,  and 
copper,  while  the  other  may  be  difficult  to  reduce,  such  as 
baryta,  potash,  &c. 

The  fulminates  of  silver  and  mercury,  Cys  O2,  2  Ag  O,  and 
Cy*  Os,  2  Hg  O,  are  examples  of  the  first  class.    The  acid 

fulminate  of  zinc  Cy»  0»  ]  gn  O     ^^^^^^^7   supposed  to  be 

fulminic  acid,  is  an  example  of  the  second ;  and  the  double 
fulminates  of  copper  and  silver,  and  of  potash  and  silver, 

Cya  0»  ]  A^  0  *^^  ^y'  ^*  1  Aff  0  *^  examples  of  the  third. 
No  neutral  fulminates  exist  with  2  eq.  of  a  difficultly  reducible 
oxide,  such  as  potash,  soda,  baryta,  &c. :  nor  do  any  acid 
folminates  occur  with  such  bases.  These  very  remarkable 
facts  evidently  point  to  some  relation,  not  yet  understood, 
between  the  oxygen  of  the  base  in  a  salt  and  the  acid  of  that 
salt.  Of  course  all  the  above  formula  may  be  written 
according  to  the  theoiy  of  compound  radicals  and  hydrogen 
acids. 

To  prepare  the  fulminate  of  mercury,  which  is  much  used 
for  percussion  caps,  1  part  of  mercury  is  dissolved  in  12  parts 
of  nitric  acid,  Sp.  0-.  1'36;  11  parts  of  alcohol  at  80  per  cent, 
are  added,  and  the  whole  is  warmed.  A  brisk  reaction  soon 
ensues,  vei^  thick  white  vapours  are  given  off,  and  the  salt  is 
deposited  m  ciystalline  grains,  mixed  with  a  little  metallic 
mercury.  This  salt  explodes  by  friction,  by  percussion,  or  by 
heat,  and  it  is  a  dangerous  product,  exploding  occasionally 
without  apparent  cause.  An  explosion  of  this  nature,  not  long 
since,  destroyed  the  distinguished  chemist,  Mr.  Uennell,  who 
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was  preparing  a  hrge  qnantity  in  the  open  air.  The  fdminate 
of  silver  is  prepared  in  the  same  way,  only  with  10  parts  of 
nitric  acid  and  20  of  alcohol.  Caustic  alkalies  precipitate  from 
its  solution  half  the  silver,  forming  double  fulminates ;  and 
chlorides  also  only  precipitate  halt  the  silver.  Nitric  add, 
added  to  the  solution,  causes  a  deposit  of  acid  fulminate  of 
silver, 

Hydrochloric  acid  added  to  fulminate  of  silver,  gives  rise  to 
water,  chloride  of  silver,  hydrocvanijc  acid,  and  a  new  acid, 
chlorohydrocyanic  acid  C  >  NCh ,  H  > .    Thus — 

C4NaOa,2AgO  +  7HCl=4HO  +  2AgCl  +  CaNH  +  CaNCl»,H2. 

8.  Ctanuuc  Acid.    Cy»  Ot,  3  HOzrCyg  Oe,  Ha=126-76. 

A  tribasic  acid  discovered  among  the  products  of  the  distillation 
of  uric  acid.  It  is  formed  when  solid  chloride  of  cyanogen  ^3 
CI3  acts  on  water:  CyaCh  -|-6H0  =  3HC1  +  Cy^Oe,  H,. 
It  is  also  formed  when  urea  is  heated  so  as  to  expel  its  ammonia. 
According  to  what  has  been  stated  of  the  composition  of  urea, 
it  ought  to  yield  cyanic  acid  when  deprived  of  its  ammonia ; 
but  at  that  temperature  3  eq.  of  cyanic  acid,  3  Cy  0,  H  O, 
coalesce  to  form  1  eq.  of  cyanuric  acid,  CysOa,  3  H  0.  When, 
again,  acetic  acid  is  added  to  cyanate  of  j^otash,  in  quantity 
insufficient  to  decompose  the  whole,  there  is  deposited  a  salt 

which  is  an  acid  cyanurate  of  potash^  Cys  Os  <  quq 

Finally,  cyanuric  acid  is  obtained  by  dissolving  melame, 
ammeline,  ammelide  and  melamine  (see  those  substances)  in 
sulphuric  acid,  and  diluting  and  heating  the  solution,  until  it 
3rieid8  no  precipitate  with  ammonia.  On  evaporation  and 
cooling,  the  acid  fomis  prismatic  crystals,  which  are  CysOa, 
3  H  0  +  4  aq.  When  dissolved  in  hot  nitric  or  hydrochloric 
acid,  it  is  deposited,  on  cooling,  in  anhydrous  octahedrons. 
When  it  has  been  prepared  by  heating  urea,  it  is  purified  by 
dissolving  it  in  oil  of  vitriol,  and  adding  nitric  acid,  drop  by 
drop,  till  the  colour  is  entirely  destroyed.  An  equal  bulk  of 
water  is  then  added,  and  on  cooling,  pure  cyanuric  acid  ia 
obtained  in  crystals. 

Cyanuric  acid  has  a  weak  acid  taste,  and  is  sparingly  soluble 
in  cold  water,  more  soluble  in  hot  water.  Unlike  cyanic  and 
fulminic  acids,  it  is  very  permanent  in  the  uncombined  state. 
When  heated  in  close  vessels^  it  is  entirely  volatilised  in  Uie 
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form  of  cyanic  add,  of  which  3  eq.  are  exactly  equal  to  1  eq. 
of  cyannric  acid. 

As  C3raiinric  acid  is  formed  when  urea  (cjanate  of  ammonia) 
is  decomposed  by  heat,  and  when  cyanate  of  potass  is  acted  on 
by  acetic  acid,  and  as  cyanuric  acid,  when  heated,  is  resolved 
into  cyanic  acid,  we  have  every  reason  to  think  that  in  the 
former  cases,  3  eqs.  of  cyanic  acid  coalesce  to  form  one  of  cya- 
nnric  acid;  and  that,  in  the  latter  case,  1  eq.  of  cvannric  acid  is 
broken  up  into  3  eqs.  of  cyanic  add.  3  (Ov  0,  H  0)=CysOs, 
3  HO. 

Like  other  tribasic  acids,  cyannric  acid  forms  three  series  of 
salts,  according  to  the  formula : — 

Salt  with  1  eq.  of         Bait  with  2  eq.  of        EUt  with  3  eq.  of 
Hydiated  Add.         fixed  beee.  flsed  base.  fixed  base. 

CytOe,3HO    CyeOe/gHO       ^^'^'i^flO       Cy»0«,3M0. 

The  salts  with  1  and  2  eqs.  of  fixed  base  are  acid ;  that  with 
3  eqs.  is  nentral.  With  potash  and  other  similar  oxides,  only 
the  two  acid  salts  are  known :  with  oxide  of  silver,  the  salts 
with  2  and  3  eqs.  of  oxide. 

The  three  following  salts,  namely, 

Cjranate  of  Silver,  Falminate  of  Silver,  Qyaxrarate  of  Sflver, 

CyOjAgO;  GyaOa,2AgO;  GjeOa^SAgO 

have  exactly  the  same  composition  in  100  parts ;  and  yet  they 
are  in  properties  entirely  dissimilar ;  this  can  only  be  acconnted 
for  by  some  snch  difference  in  their  formnlsB,  as  is  exhibited 
above.  The  acids  of  these  salts  are  all  mutually  convertible : 
for  when  fulminate  of  silver  is  decomposed  by  a  salt  of 
ammonia,  the  fulminate  of  ammonia  is  transformed,  like  the 
cyanate,  into  urea ;  urea  when  heated  yields  cyanuric  add ; 
and  cyanuric  acid  when  distilled  is  transformed  into  cyanic 
acid.  All  these  circumstances  favour  the  belief  that  all  three 
are  compounds  of  cyanogen,  and  that  they  differ  in  the  abso- 
lute number  of  equivalents  of  their  elements. 

Oyamelide ;  Ca  Os  +  NH  ! 
But  this  is  not  the  end  of  these  transformations;  for  when 
cyanic  acid  is  left  to  itself  it  becomes  turbid  and  hot,  and  is  soon 
converted  with  great  heat,  into  an  opaque  white  solid  body, 
cyamelide,  which  has  no  acid  properties ;  and  which  is  also 
obtained  as  a  white  insoluble  powder,  when  fused  cyanate  of 
potash  is  triturated  with  dried  oxalic  add,  in  which  case  oxalate 
of  potash  is  formed,  and  the  cyanic  add,  at  the  moment  of  beinff 
set  free,  is  transformed  into  cyamelide.    Cyamelide  is  neutral 
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and  insoluble  in  water  and  acids.  It  dissolves  in  aqua  potaasn, 
ammonia  being  evolved,  and  the  solution  yields  cyanurate  of 
potash.  Heated  by  itself  it  yields  cyanic  acid,  which  again 
passes  into  cyamelide  ;  and  when  heated  with  strong  sulphuric 
acid  it  forms  sulphate  of  ammonia,  while  carbonic  acid  escapes: 
this  action  is  identical  with  that  which  occurs  when  cyanic  add 
is  acted  on  by  water  and  by  acids.  All  these  observations  prove 
that  cyamelide  is  another  isomeric  modification  of  cyanic,  ful- 
minic,  or  cyanuric  acid.  Its  probable  formula  isCsOa  +  NH, 
and  this,  with  2  eqs.  H  0,  yields  bicarbonate  of  anmionia,  just  as 
cyanic  acid,  the  formula  of  which  is  the  same,  does.  The  action 
of  potash  is  probablv  this.    4  (C.  0.  N  H)  -h  3  H  O  +  4  K  0= 

CeN,0.,    pHo   +  2K0,C0.  +  NH3;thati8:4eq8. 

cyamelide,  3  eqs.  water,  and  4  eqs.  potash,  yield  1  eq.  cyanurate 
of  potash,  2  eqs.  carbonate  of  potash,  and  1  eq.  ammonia. 

The  three  oxygen  acids  of  cyanogen  may  be  fitly  compared 
with  the  three  phosphoric  acids  ;  and  as  we  have  hitherto  made 
use  of  the  older  view  of  these  acids,  that  which  makes  them 
hydrated  oxygen  acid,  we  shall,  in  this  comparison,  adopt  the 
other  theory,  and  speak  of  them  as  hydrogen  acids. 

Monobasic.  Bibasic.  TrilMsic 

Acids  of  Cyanogen    .     .     CyO«  +  H     CjaO^  +  Ha    GysO«  +  Ha 
Acids  of  Phosphorus      .     PsOc  +  H        PsOt  +  Ha       PaOa  +  Hs 

In  the  cyanic  acids,  both  the  radical  and  the  replaceable 
hydrogen  being  doubled  and  trebled,  the  capacity  of  saturation 
increases  in  the  same  ratio.  In  the  phosphoric  acids,  the 
capacity  of  saturation  also  increases  with  the  replaceable 
hydrogen,  but  a  great  addition  to  the  radical  has  no  correspond* 
ing  effect  in  increasing  either  the  replaceable  hydrogen  or  the 
neutralising  power.  Thus,  if  to  tribasic  phosphoric  acid  Fa  Oa 
-h  Ha  we  add  2  eqs.  of  P!iOfi=P4  0io  we  obtain  P«  0 ,  a -h 
H3  =  3(PaOo-|-H);  that  is,  the  acid  becomes  monobasic,  but 
the  quantity  of  base  neutralised  is  the  same  after  that  addition 
as  before.  Notwithstanding  this  dijSerence,  however,  the 
analogy  between  the  monobasic,  bibasic,  and  tribasic  acids  of 
cyanogen  and  phosphorus,  as  well  as  that  between  their  salts^ 
is  most  interesting  and  worthy  of  attention.  As  we  believe 
that  the  phosphoric  acids  contain  tliree  different  radicals, 
p2  Oa,  p9  O7,  and  Pa  Os,  so  we  may  admit  that  the  three 
cyanic  acids  have  each  a  distinct  radical ;  only  in  this  case  the 
three  radicals  are  alike  in  composition,  and  differ  in  their 
relative  weight :  the  first  being  Ca  N= Cy ;  the  second  C4  N  t 
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=  Cy«  ;  and  the  third  Ca  Nj  =Cja  ;  er,  in  other  words, 
these  radicals  are  cyanogens,  diffenng  in  molecular  constitu- 
tion, or  three  different  allotropic  forms  of  cyanogen.  The 
relations  of  chlorine  to  cyanogen,  and  the  existence  of  para- 
cyanogen,  countenance  this  idea. 

CYANOGEN   ANjD  NITROOBN. 

MelIone=Cys  N=G«'N4=Me=93. 
Cyanogen,  when  it  combines  with  nitrogen  in  the  proportion 
of  3  eq.  Cy  to  1  eq.  N=C8  N4,  produces  a  very  remarkable 
compound,  discovered  by  Liebig,  and  called  mellone,  which 
being  itself  a  well-marked  compound  radical,  will  be  described 
as  such,  and  not  as  a  compound  of  cyanogen  and  nitrogen. 

CYANOOKN   AND   CHLORINE. 

Cyanogen  forms  two  chlorides :  one  gaseous,  but  compressible, 
obtained  by  the  action  of  chlorine  gas  on  diy  hydrocyanic  acid ; 
the  other  solid,  formed  by  a  spontaneous  transformation  of  the 
former  when  kept  in  the  liquid  form  in  sealed  tubes.  Both  are 
volatile  and  both  contain  cyanogen  and  chlorine,  equivalent  for 
equivalent.  But  the  vapour  of  the  solid  chloride  is  three  times 
denser  than  that  of  the  other ;  and,  moreover,  the  solid  chloride, 
in  contact  with  water,  produces  hydrochloric  and  cyanuric 
acids :  while  the  gaseous  chloride,  under  the  same  circum- 
stances, gives  rise  to  hydrochloric  acid,  and  cyanic  acid,  the 
latter  with  water,  at  once  passing  into  bicarbonate  of  ammonia, 
so  that  the  final  result  is  sal  ammoniac  and  carbonic  acid. 

These  considerations  prove  that  the  two  chlorides  are  isome- 
ric :  that  the  first  or  gaseous  chloride  is  Cy  CI ;  and  that  the 
solid  chloride  is  Cyj  CU,  and  is  formed  by  the  junction  into 
one  group  of  3  eq.  of  the  other  ;  and  we  are  consequently  jus- 
tified in  extending  this  view  to  cyanic  and  cyanuric  acids,  and 
in  supposing  the  vapour  of  the  latter  to  be  three  times  more 
condensed  than  the  vapour  of  cyanic  acid :  and  the  cyanogen 
of  cyanuric  acid  to  be  the  cyanogen  of  the  solid  chloride,  and 
three  times  denser  than  ordmary  cyanogen. 

CYANOGEN  WITH    BROMINE  AN0  IODINE. 

With  these  elements  cyanogen  readily  combines  when 
cyanide  of  mercury  is  distilled  with  bromine  or  iodine.  The 
bromide  and  iodide  are  both  volatile,  and  crystallisable,  pun- 
gent and  poisonous. 

To  judge  by  the  density  of  their  vapours,  these  compounds 
are  Cy  Br  and  Cy  I,  correspon<Ung  to  the  liquid  chloride, 
which  is  also  veiy  pungent  and  irritating  to  the  eyes. 
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OTANOOSN  AND  BUtPHim. 
Bistilpharet  of  Cyanogen.    Cy  Sa  =  58 'S, 

When  sulphocyanide  of  potassium,  (see  that  salt)  is  acted  on 
by  chlorine  or  by  dilute  nitric  acid,  there  is  obtained  an 
orange-yellow  powder,  which  contains  sulphur  and  cyanogen, 
and  which  is  supposed  by  some  to  be  bisulphuret  of  cyanogen, 
hy  others  to  contain  hydrogen.  This  question  will  be  con- 
sidered hereafter,  for  whether  this  be  so  or  not,  there  is  a  com- 
pound, possibly  that  compound,  of  sulphur  and  cyanogen, 
which  acts  as  a  radical,  and  is  hence  called  sulphocyanQgen. 
It  will  be  described  separately,  since  it  is  far  more  important 
as  a  radical  than  as  a  compound  of  cyanogen. 

CTANOGEN  AND  METALS. 

With  metals,  cyanogen  forms  compounds  which  in  many 
cases  are  analogous  to  the  chlorides  of  the  same  metal.  When 
the  metal  is  easily  reducible,  such  as  silyer,  mercuiy,  or  palla- 
dium, the  cyanide  is  formed  by  the  action  of  hydrocyanic  acid 
on  the  oxide,  or  its  salts :  M  0-|-H  Cy=H  0+M  Cy.  In  the 
case  of  difficultly  reducible  metals,  such  as  potassium,  hydro- 
cyanic acid  seems  to  combine  with  the  oxide,  not  being  able  to 
reduce  it,  until  another  cyanide  is  added,  which  tends  to  form 
a  double  cyanide. 

Cyanide  of  PotasHum^  =  K  Cy  is  best  formed  by  heating  to 
whiteness  in  close  vessels  the  ferrocyanide  of  potassium,  a  salt 
which  may  be  viewed  as  containing  cyanide  of  iron  and  cyanide 
of  potassium.  The  former  is  converted  into  insoluble  carburet 
of  iron ;  the  latter  remains  unchanged,  and  may  be  mechanically 
picked  out,  or  dissolved  by  hot  alcohol  of  60  p.  c,  whi^ 
deposits  it  on  cooling.  Or,  an  alcoholic  solution  of  pure  and 
diy  hydrocyanic  acid  is  added  to  an  alcoholic  solution  of 
potash ;  or,  lastly,  the  vapours  of  hydrocyanic  acid,  formed  on 
the  pjrocess  given  at  p.  299,  are  conducted  into  an  alcoholic 
solution  of  potash,  kept  cool,  when  the  salt  is  deposited. 

It  is  white,  and  crptallisable  in  cubes.  It  has  no  smell 
when  pure,  but  when  exposed  to  moist  air,  smells  of  hydro- 
cyanic acia.  It  is  veiy  poisonous.  When  heated  it  fuses 
easily,  and  is  not  altered  by  heat  in  close  yessels.  Heated  in 
the  air  it  absorbs  oinrgen,  and  is  converted  into  C3ranate  of 
potash  K  Cy  +  0.=  K  0,  Cy  0.  It  is  very  soluble  and  deli- 
quescent, and  its  solution,  attracting  carbomc  acid  from  the  air, 
gives  off  hydrocyanic  acid :  hence  its  smell. 

Cyanide. of  /Sodium  is  analogous  to  the  preceding  salt. 
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Cyanide  qfZine,  Zn  Cj,  is  obtained  by  adding  hydiocyame 
acid  to  acetate  of  zinc.  It  is  a  snow-wlute  insoluble  powder, 
which  is  nsed  in  medicine. 

Cjfomde^ Inm, — Protocyanide  of  iron,  Fe  Cy,  has  not  been 
isolated.  There  appears  to  exist  a  percyanide,  also  not  yet  iso- 
lated, Foa  Cys ;  and,  according  to  Pelonze,  there  may  be  ob> 
tained  an  intermediate  cyanide,  Fea  Cy^,  analogous  to  the 
majpetic  oxide  of  iron,  as  a  green  powder. 

fiat  altbongh  the  cyanides  of  iron  are  little  known,  there  are 
some  very  important  compounds,  especially  those  of  two 
radicals,  which  contain  those  elements,  namely,  cyanogen  and 
iron,  along  with  hydrogen,  and  with  metals.  These  will  be 
described  after  we  have  gone  over  the  simple  cyanides  of  the 
metals. 

(^amda  of  CkMbt^  Co  Cy,  is  obtained  as  a  brownish  white 
precipitate,  by  adding  hydrocyanic  acid  to  the  acetate  of  cobalt. 
Cobalt  also  forms  compounds  analogous  to  those  of  iron  above 
alluded  to,  with  (^anogen,  &c. 

Biq^amde  of  Mercury,  Hg  Cy  t,  is  easily  obtained  by  dissolv- 
ing red  oxide  of  mercury  in  very  dilute  nydrocyanic  acid,  till 
the  smell  of  the  acid  is  destroyed.  The  liquid,  rendered 
neutral,  if  necessary^  by  a  few  drops  of  hydrocyanic  acid,  yields 
fine  crystals,  on  evaporation  and  coolinff.  Or  it  may  be  made 
by  the  action  of  three  pi^ts  of  persulphate  of  mercury  on  two 
of  ferrocyanide  of  potassium  dissolved  in  fifteen  of  hot  water, 
which  is  boiled  and  filtered,  and  the  filtei-ed  Hquid  on  cooling 
denosits  the  bicyanide. 

It  forms  regular  prismatic  crystals,  permanent  in  the  air,  of 
a  borrible  metallic  taste,  soluble  in  water  and  alcohol.  It  is 
nsed  for  making  cyanogen,  also  to  prepare  hydrocyanic  acid  by 
oneprocesB,  and  to  3deld  Uie  bromide  and  iodide  of  cyanogen. 

($amde  ofSiher,  Ag  Cy. — Formed  by  the  action  of  hydro- 
cyanic acid  or  C3ranide  of  potassium  on  nitrate  of  silver.  It  is 
exactly  similar  to  the  chloride,  white,  curdy,  insoluble  in  water 
or  acids,  soluble  in  ammonia.  It  is  decomposed  by  hydro- 
chloric acid,  yielding  hydi'ocyanic  acid. 

Cyanide  of  PaUadium,  Pd  Cy. — The  affinity'  of  cyanogen 
for  palladinm  is  most  powerful,  and  hydrocyanic  acid,  or  a 
soluble  cyanide,  when  added  to  a  salt  of  oxide  of  palladium, 
precipitate  the  <^anide  as  a  grey  powder.  This  property 
serves  for  separatmff  palladium  from  other  metals. 

Cj^anides  o/Oold. — The  protocyanide.  An  Cy,  is  formed  by 
adding  cyanide  of  potassium  in  excess  to  protochloride  of 
gold,  till  a  clear  solution  is  formed,  and  then  adding  hjrdro- 
chloiie  add,  which  precipitates  the  protocyanide  as  a  bright- 
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yellow  powder,  very  pennaaent,  and  solable  in  ejranide  of 
potaasinm. 

The  tercyanide.  An  Cy^,  ia  formed  by  the  action  of  cyanide 
of  potaaaium  on  terchloride  of  gold,  and  appeara  aa  wnitiah- 
^ellow  precipitate,  aoluble  in  cyanide  of  potaaaiom,  inaolnble 
m  acida. 

DOUBLE  0TANIDE8  OF  THE  MBTAU. 

The  inaoluble  metallic  cyanidea,  anch  aa  thoae  of  iron,  cobalt, 
copper,  silver,  gold,  platinam,  and  others,  dissolve  readily  in 
cyanide  of  potassinm,  or  sodium,  forming  ciystallisable  doable 
cyanidea,  which  are  not  affected  by  soluble  carbonates  nor  by 
chlorides,  bnt  are  generally  decomposed  by  acids,  which  pre- 
cipitate the  insoluble  cyanide.  If  these  doable  C3ranides, 
which  may  be  2  K  Cy  +  ni  Cy  (m  Cy  beinff  an  insolable 
metallic  cjranide)  are  added  to  the  aolution  of  the  oxide  of 
another  metal  forming  alao  an  inaoluble  cyanide,  tliia  latter 
metal  takes  the  place  of  the  potassium,  and  a  new  doable 
insoluble  cyanide  is  the  result.  Thus  (2  K  Cy  -|-  m  Cy)  + 
2  M0  =  2  K0  +  (2M  Cy  +  mCy).  (Here  m  may  be  iron 
and  M  copper  or  lead.)  Now,  aa  these  doable  cyanides,  thna 
precipitated,  are  of  various  and  often  characteristic  colonrs, 
the  ferrocyanide  of  potaasium,  2  K  Cy  +  Fe  Cy,  ia  extensively 
used  aa  a  test  for  metals. 

The  protoc3ranide  of  iron,  the  percyanide  of  iron,  the  ner- 
cyanide  of  cobalt,  and  perhaps  some  others,  not  only  form 
double  salts  with  the  elements  of  cyanide  of  potassinm,  but 
also  produce  very  remarkable  acids,  by  combining  with  the 
elements  of  hydrocyanic  acid,  that  is,  with  hydrogen  replacing 
the  potassium  of  ue  double  salt.  Thus  ferrocvanic  acid  ia 
2  H  Cy  +  Fe  Cy,  and  so  on.  In  these  compounds  the  hydro- 
cyanic acid  is  no  longer  poisonous,  and  it  is  therefore  highly 
probable  that  these  acids,  and  their  corresponding  salts,  r^ly 
contain  new  and  very  peculiar  radicals.  The  assumption  of 
these  radicals  will  alone  enable  as  to  classify  or  remember 
these  compounds. 

IV.  FSEBOCYAMOGBN.     Ojs  Fe=Cfy=105*87. 

We  assume,  then,  the  existence  of  this  radical  as  the  basis 
of  ferrocyanide  of  potassium,  or  prussiate  of  potash.  It  ia 
bibasic,  combining  with  2  eq.  of  hydrogen  or  of  metals.  The 
following  formuue  expresses  the  composition  of  ferrocyanic 
acid,  and  of  ferrocyanide  of  potassium,  &c. 

FerrocymDic  Acid  =  Cfy,  H«=  Cjs  Fo,  Ha=2  H  Cy  +  Fc  Cy- 

Ferrocyanide  of  Potii8uum=  Cfy,  Kg=  Cys  Fe,  K9=2K  Cy  +  FeCy. 

Iron         =3Cfy,Fo4=3CytFe,Fe4=9Cy  +7Fc. 
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It  will  be  seen,  by  the  two  first  compounds,  that  we  may 
consider  them  either  as  compounds  of  the  radical  Cfy  with 
hydrogen  or  metals,  or  as  double  cyanides.  In  the  third, 
which  is  the  formalse  of  Prossian  bine,  we  see  that  the  iron 
exists  in  two  different  states,  in  one  of  which  it  cann<^  be 
detected  by  the  usual  tests.  That  form  is  the  radical  Cfy, 
which  exists  also  in  the  two  preceding  compounds. 

Ferrocyanic  Acid.     Cfy,  Ha=107-87. 
This  Tery  interesting  compound  is  obtained  by  mixing  a 
cold  saturated  solution  of  feiTocyanide  of  potassium  with  one 

auarter  its  volume  of  strong  hydrochloric  acid,  and,  agitating 
lie  mixture  with  half  its  bidk  of  pure  ether,  the  ether  rises  to 
the  surface,  carrying  with  it,  suspended,  a  white  crystalline 
substance^  which  when  washed  with  ether  and  dried,  is  ferro- 
cyanic acid.  It  is  soluble  in  water  and  alcohol,  has  a  decidedly 
acid  taste  and  reaction,  and  decomposes  the  alkaline 
carbonates,  forming,  with  carbonate  of  potash,  the  ferrocyanide 
of  potassium.  The  production  of  tnis  compound  by  the 
action  of  hydrochloric  acid  on  ferrocyanide  of  potassium  is 
very  easily  explained.  Cfy,  Ka  +2  H  ClrrCfy,  H,  + 
2KC1. 

Although  this  compound  may  be  represented  as  a  combina- 
tion of  cyanide  of  iron  with  hydrocyanic  acid,  Fe  Cy  -|-  2  H 
Cy,  there  is  every  reason  to  believe  that  it  contains  no  hydro- 
cyanic acid,  as  such.  For  not  only  is  it  far  more  strongly 
acid,  (and  protocyanide  of  iron  cannot  be  supposed  to  give 
acid  properties  to  hydrocyanic  acid,)  but  it  is  totally  destitute 
of  all  poisonous  properties,  for  both  it  and  its  salts  may  be 
taken  internally  without  further  effect  than  the  laxative  action 
common  to  most  neutral  salts. 

Fenxxsyanic  acid,  being  bibasic,  forms  two  kinds  of  salts:  in 
the  first  the  2  eq.  of  h]^(&)ffen  are  replaced  by  2  eq.  of  potas- 
sium, sodium,  &c. ;  in  Uie  second,  they  are  replaced  by 
equivalents  of  two  different  metals :  such  as  potassium  and 
barium.    An  example  of  the  first  class  is,  Cfy  -f-  K« ;  of  the 

•ol     Of  all  these  compounds,  by  fax  the  most 

important  is  the  ferrocyanide  of  potassium,  or  prussiate  of 
potash,  from  which  all  the  compounds  of  cyanogen  mi^  be 
prepared,  and  which  is  manufactured  on  the  large  scale,  being 
also  used  in  the  arts.  , 

Ferro^anide  of  Potoisivm.    Syn.    Prussiate  of  Potash. 
Anhydrous,  Cfy  K«,  184-17.    CiystaUised,  it  is  Cfy,  Kt4- 
3HO=21 1-2.— -This  valuable    salt   is  prepared  by  fasing 
y2 
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animal  matter,  snch  as  dried  blood,  hoofe,  hair,  horns,  hc.^  or 
the  animal  charcoal  remaining  after  such  matters  have  been 
distilled,  to  obtain  carbonate  of  ammonia,  with  potashes  or 
pearlash,  in  iron  vessels,  as  long  as  gas  is  disengaged.  The 
mel^  mass  is  then  withdrawn  from  the  fire,  and  when  cold, 
lixiviated  with  water,  the  solution  digested  with  the  insoluble 
part,  filtered  and  evaporated,  when  it  deposits,  on  cooling, 

C"  >w  crystals ;  which  by  a  second  solution  and  crystallisation 
me  quite  pure. 

The  essential  points  of  this  process  are,  first,  the  presence 
of  as  much  nitrogen  as  possible  in  the  animal  matter :  hence 
fresh,  dried,  uncalcined  animal  matter  is  far  preferable  to 
animal  charcoal :  secondly,  the  presence  of  metallic  iron  or 
sulphuret  of  iron :  the  former  is  either  directly  derived  from 
the  vessels,  which  are  rapidly  corroded,  or  added  as  filing  ; 
the  latter  is  formed  from  ttie  iron  of  the  vessels  by  the  action 
of  bisnlphuret  of  potassium,  which  arises  from  the  decompo- 
sition, by  charcoal  at  a  red  heat,  of  the  sulphate  of  potash 
contained  in  Uie  potashes  or  pearlash;  hence  pure  carbonate 
of  potash  is  not  adapted  to  this  process.  Thirdly,  the  ex- 
clusion of  the  air  as  far  as  possible,  in  order  to  prevent 
the  oxidation  and  destruction  of  the  cyanide  of  potassium 
formed. 

The  explanation  of  the  process  is  very  simple  and  beautiful, 
and  we  are  indebted  for  it  to  the  researches  of  Liebig.  When 
animal  matter  is  heated  alonff  with  potash,  cyanogen  is 
formed,  and  combining  with  the  potassium  (set  free  at  the 
same  time  by  the  action  of  carbon  on  potash)  produces  cyanide 
of  potassium,  a  salt  which  is  not  decomposed  by  a  red  heat  in 
closed  vessels.  At  the  same  time,  metiulic  iron  and  sulphuret 
of  iron  are  present  in  the  mixture,  but  not  a  trace  of  the  ferro- 
cyanide,  previous  to  the  action  of  water,  for  the  very  obvious 
reason,  that  the  feiTocyanide  is  decomposed  by  a  red  neat,  into 
cyanide  of  potassium  and  carburet  of  iron,  mtrogen  being  dia- 

If  the  cooled  mass  be  now  digested  in  water,  the  cyanide  of 
potassium  dissolves  either  the  metallic  iron  with  disengage- 
ment of  hydrogen,  or  the  sulphuret  of  iron,  and  the  filtered 
li^id  now  contains  the  ferrocyanide. 

Direct  experiments  have  shown  that  cyanide  of  potassium 
dissolves  eiUier  iron,  oxide  of  iron,  or  sniphuret  of  iron,  pro- 
ducing the  ferrocyanide  ;3KCy-|-Fe-|-HO  =  (2KCy-|- 
Fe  Cy)  -f  KO  +  H.  Or,  3  K  (^  -|-  Fe  S  =  (2  K  Cy-h  Fe 
Cy)  +  K  S.  And  it  is  has  also  men  shown  by  Liebig  that  if 
the  ftised  mass  be  lixiviated  with  alcohol,  the  residue,  when 


^PH«iR!^i« 


FERBOCTAJODS  OT  IRON.  317 


ted  with  water,  yielda  no  fenocyanide,  while  the  alcohol 
Ains  none,  but  only  cyanide  of  potassium, 
aking  these  facts  into  consideration,  perhaps  the  best 
lod  would  be  to  nse  pore  carbonate  of  potasn,  free  from 
hate,  by  which  means  no  snlphmet  of  potassium  would  be 
ad,  and  the  iron  Tessels  would  not  suffer  as  they  now  do. 
cranide  of  potassium,  being  dissolved  in  water  and 
^,  should  then  be  placed  in  contact  with  iron  turnings  in 
open  vessels,  when  the  third  part  of  the  potassium  b«ing 
o«     sed  by  the  air,  the  iron  is  rapidly  dissolved,  and  a 

auantity  of  ferrocyanide  obtained  equal  to  that  indicated  by 
^e  C3ranide  of  potassium  present. 

The  feiTocvanide  of  potassium  forms  large  honey-vellow, 
transparent,  flat,  ^uadnmgular  prisms,  derived  from  a  rhombic 
octahedron.  It  is  very  soluRe  in  water,  and  forms  pre- 
cipitates in  almost  all  metallic  solutions,  many  of  which  are 
characteristic.  Thus,  with  solutions  of  zinc  ana  lead,  it  gives 
a  white  precipitate,  with  those  of  copper  a  chesnut  brown, 
with  those  of  peroxide  of  iron  a  deep  blue,  with  protoxide  of 
iron  a  pale  blue,  with  those  of  barium  and  calcium  whitish- 
vellow  crystalline  precipitates.  The  lead  precipitate  is  Cfy, 
Pbt ;  that  of  copper  Cfy,  Cu« ;  those  of  barium  and  calcium 

Cfy  I  ^^  and  Cfy  |ca;*°^  *^*  of  rinc,  2Cfy  +  ||°'  +6 

( Zn 
aq=:Cfy,  Zna  -h  Cfy  <yr  -|-6  aq.    That  of  protoxide  of  iron 

is  2  Cfy  I  ^*  =Cfy,  Fe.  +  Cfy  1 1®    All  of  these  formula 
are  easily  referred  to  the  general  formula  of  the  ferrocyanides, 

Cfy.Ma. 

Ftmx^amide  of  Iron, — ^But  the  most  remarkable  of  aU 
these  compounds  is  that  formed  with  persalts  of  iron,  namely 
Prussian  blue.  It  is  produced  when  ferrocyanide  of  potassium 
comes  in  contact  witn  perchloride,  or  any  salt  of  peroxide  of 
iron.  Now  as  ferrocyanogen  is  a  bibasic  radical,  I  eq.  of  it 
corresponds  to  2  eq.  of  potassium,  hydrogen,  oxygen,  chlorine. 
&c. ;  and  as  perchloride  of  iron,  Fe>  CL,  contains  3  e€|.  of 
chlorine,  14-  eq.  of  ferrocyanide  of  potassium  will  be  required 
to  decompose  1  eq.  of  it,  or,  to  avoid  fractions,  3  eq.  of  ferro- 
cvanide  Ufyj  K«=3  Cfy,  Ks,  are  required  for  2  eq.  per- 
chloride of  iron,  2  Fe»  CIj  =  Fe4  Cle.  The  result  is,  Cfy 3 
K«  -h  Fe4  Cle  =  6  K  CI  +  Cfy«  Fe4  ;  and  this  last  is  Uie 
true  formula  of  Prussian  blue,  although,  from  its  tendency  to 
combine  both  with  ferrocyanide  of  potassium  and  with  oxide 
of  iron,  its  analysis  offers  great  difficulties.    The  formula  Cfy* 
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Fe4  or  Fe4  Cfya  shows  that  Prnanan  blue  corresponds  to 
peroxide  and  perchloride  ^Besqnioxide  and  sesquichloride)  of 
iron,  Few  Ot  and  Fet  CI  a,  lor  Cfy  being  bibasic  is  eqaivalent 
to  Git  or  Oa,  and  conseqaentiy  ^64  Cfya  is  equivalent  to  Fe« 
Cl«  or  Fe4  Oe,  that  is,  to  2  Fet  Cla  and  2  Fe«  Oj.  It  muflt 
be  admitted  to  be  a  vexy  strong  argument  in  favour  of  the 
existence  of  ferrocyanogen,  as  a  bioasic  radical,  according  to  the 
theory  of  Liebig,  that  Prussian  blue,  in  all  other  theories  the 
most  complex  and  anomalous  compound  in  the  whole  range 
of  chemistry,  becomes  quite  normal  and  one  of  a  series. 

Ferrocyanide  of  potassium  is  employed  to  yield  cyanogen  and 
all  its  compounds.  We  have  already  seen  how  cyanogen,  hy- 
drocyanic acid,  cyanide  of  potassium,  cyanate  of  potasn,  urea, 
cyanic  and  cyanuric  acids^  and  ferrocyanic  acid  are  obtained 
from  it.  Cyanide  of  potassium,  for  testing,  and  to  be  used  as  a 
flux  and  in  analysis,  is  best  prepared,  according  to  Liebig,  by 
heating  8  parts  of  the  dry  ferrocyanide  with  3  of  pure  carbonate 
of  potash  in  an  iron  vessel  till  the  fused  mass  is  colourless. 
It  is  then  poured  off  from  the  sponge  of  reduced  iron,  and  kept 
in  well-stoppered  bottles.  The  reaction  is  as  follows  (repre- 
senting the  ferrocyanide,  for  convenience,  as  a  double  cyanide 
of  iron  and  potassium);  2  (Fe  Cy,  2KCy)-f  2  (KO,CO.) 
=  Fea  +  5KCy-|-K0,  CyO-f  2C0,.  Hence  the  resulting 
salt  contains  1  eq.  cyanate  of  potash  to  6  eq.  cyanide  of  potas- 
sium. This  very  useful  preparation,  known  as  Liebig*s  cyanide 
of  potassium,  is  not  quite  pure,  containing  cyanate  of  potash : 
but  this  does  not  interfere  with  its  use. 

Another  very  remarkable  compound  is  produced  by  the  action 
of  a  current  oi  chlorine  gas  on  the  solution  of  ferrocyanide,  if 
transmitted  until  the  solution  ceases  to  produce  Prussian  blue 
vrith  perchloride  of  iron,  yielding  only  a  brownish-green  colour, 
but  no  precipitate.  The  liquid  now  gives,  on  evaporation, 
beautifal  deep  h}racinth  red  crystals  of  a  new  salt,  the  ferrid- 
cyanide  of  potassium,  discovered  by  Gmelin.  This  salt  contains 
a  new  radical,  ferridcyanogen. 

V.  Fbrbidcyanogbm.     CyeFea=Ofdy=211-74. 
This  radical  has  not  yet  been  isolated.    It  is  formed  by  the 
coalescence  of  2  eq.  of  ferrocyanogen,  and  is  tribasic.   It  K>rms 
an  acid  with  hydrogen,  and  salts  with  metals. 

Pcrridcyaaic  Acid,(Cye  Fea)  +  H8=i(2Cfy  +  Hs)=:Cfdy,  H»=2l4-74. 

This  acid  is  obtained  from  the  lead  salt  Cfdy,  Pbj,  by  the 

action  of  sulphuric  acid.    It  is  soluble  in  water,  and  by  the 
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action  of  Bolphiiretted  hydrogen,  is  converted  into  ferrocyanic 
add :  2  Cfy,  H.  +  H  8  =  2  (Cfy,  H,)  -f  S.  With  bases  it 
fonns  salts ;  as  with  potash  the  ferridc^anide  of  potassium. 

Ferrtdq^anide  ofPotasntm.,  Stn.  Red  prussiate  of  potash. 
— Its  preparation  has  been  described  above.  Its  formula  is 
2  Cfy  -h  Kj  =  Cfdy,  Ks  ;  and  it  is  quite  anhydrous.  Like 
the  yellow  jHrussiate,  it  forms  precipitates  with  most  metallic 
solutions,  manv  of  which  are  characteristic.  ^  With  salts  of 
peroxide  or  with  perchloride  of  iron,  it  only  strikes  a  brown  or 
sreen  colour,  but  with  protochloride  or  salts  Of  protoidde,  it 
fonns  Prussian  blue.  As  the  radical  is  tribasic,  1  eq.  of  it  ought 
to  be  equivalent  to  3  eq.  of  oxygen,  chlorine,  &c.,  and  if  we 
suppose  the  potassium  in  the  ferridcyanide  replaced  by  its 
equivalent  of  iron,  we  should  have  Cfdy,  Fe3=FeB  Cye  ;  for 
K,  Cfy.  +  3  Fe  0=Fe3  Cfy,  +  3  KO ;  and  Fes  Cfy=Fe. 
Cve.  But,  instead  of  this  compound,  there  is  formed  prussian 
blue,  the  same  we  have  above  described  as  being  formed  by  the 
action  of  yellow  prussiate  or  peroxide  of  iron.  In  fact,  when 
the  red  prussiate  is  added  to  a  solution  of  a  salt  of  protoxide,  or 
to  protochloride  of  iron,  yellow  prussiate  is  formed  along  with 
Prussian  blue  and  a  salt  of  potash.  Bearing  in  mind,  as  in  all 
the  above  explanations,  that  1  eq.  ferridcyanogen  Cfdy  is  equal 
to  2  eq.  ferrocyanogen  Cfy,  and  that,  consequentlv,  the  red 
prussiate,  Cfdy,  Ka  may  be  equally  well  represented  as  2  Cfy, 
K,,  then  we  have  2  (2  Cfy,  Ks)  +  4  (Fe  0,  S  03)=(S  Cfy  -f 
Fe*)  +  (Cfy,  K.;)  +  4  (K  0,  S  0,). 

The  ferridcyanide  of  potassium  may  be  viewed  as  ferrocy- 
anide  of  potassium,  plus  a  certain  amount  of  ferrocyanogen ; 
2  rCfdy,  K.)  =  3  (CJ^,  K.)  -h  Cfy. 

With  salts  of  lead,  ferridcyanide  of  potassium  forms  the 
ferridcyanide  of  lead,  Cfdy,  Pba. 

YI.  CoBALTocYAVOGBM.    Cy6  Cos=Ck7=2 16*52. 

Not  yet  isolated,  but  known  in  combination  with  hydro^n, 
potassium.  &c.  It  is  analogous  to  ferridcyanogen  in  constitu- 
tion, and  like  it,  is  tribasic. 

CobdUocfonic  acid  Cky  H  s  =  219'52.— Obtained  by  the  action 
of  sulphuric  acid  on  cobaltocyanide  of  lead  Cky,  Pba .  It  forms 
silkv  filaments,  which  are  deliquescent  and  strongly  acid. 

V€bal$wyan%de  ofPotasskm,  Cky,  K. — Is  obtained  by  acting 
on  a  salt  of  oxide  of  cobalt  with  solution  of  cyanide  of  potas- 
sium and  hvdrocyanic  acid,  when  hvdrogen  is  given  off  and 
the  new  salt  is  obtained  in  crystals.  The  protocyanide  of 
cobalt,  precipitated  on  the  first  addition  of  cyanide  of  potassium, 
redisMlves  in  an  excess  of  that  salt,  forming  a  compound 
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2  Co  Cy  +  K  Cy,  or  2  CoCy  +  3  K  G7.    At  all  eveata  thereit 

enough  of  cyanide  of  potajssiam  present  to  fonn  the  latter 
compound.  The  hydrocyanic  acid,  being  now  added,  yields 
1  eq.  of  cyanogen,  converting  the  2  eq.  of  protocyanide  into 

1  eq.  of  sesquicyanide  of  cobalt,  while  hydrogen  is  given  off : 

2  Co  Cy  +  H  Cy  =  Co.  Cyj  +  H.  Lastly,  the  aesquicyanide 
Co  9  Cy«,  with  the  3  ea.  of  cyanide  of  potasfflum,  3  K  Qr,  pro- 
duces the  cobaltocyaniae  of  potaasium,  C^6Co9  +  K«==  Cky, 
K*.  The  crystals  are  isomorphous  with  those  of  the  red 
prussiate  of  potash  ;  Uiey  are  yellow,  soluble ;  their  solution 
IS  not  altered  hj  acids,  and  gives,  in  solution  of  protoxide  of 
cobalt,  a  beautiful  rose-coloured  precipitate,  analogous  pro- 
bably to  Prussian  blue ;  possibly,  however,  it  may  be  Uky, 
Co*.  It  precipitates  many  other  metallic  solutions,  such  as 
those  of  lead  and  silver. 

Cobaltocyanide  of  potassinm  is  a  singukrljr  permanent  salt, 
resisting  the  action  of  the  strongest  acids;  whidi  is,  in  itself,  a 
sufficient  proof  that  it  cannot  contain  cyanide  of  potassium  as 
such.  With  the  salts  of  nickel  it  forms  a  green  precii>itate,  Cky, 
Nis,  which  is  insoluble  in  boiling  dilute  acids.  Tfis  property 
has  been  applied  by  Liebig  to  the  separation  of  cobalt  from 
nickel  in  analysis.  All  other  metals  being  removed,  an  excess 
of  potash  is  first  added,  and  then  hydrocyanic  acid  Ull  the  pre- 
cipitate at  first  formed  is  dissolved,  and  the  whole  is  then  boued. 
Hydrochloric  acid  is  now  added,  and  if  no  nickel  be  present^  it 
produces  no  change,  because  it  has  no  action  on  cobaltocyanide 
of  potassium.  But  if  nickel  be  present  (of  course  b^  this  time 
as  cvanide)  it  is  converted  into  chloride,  and  this  is  instantly 
precipitated  by  the  cobaltocyanide  of  potassium  as  cobaltr 
ocyanide  of  nickel.  Should  were  be  more  cobalt  than  nickel 
present,  Uie  whole  nickel  is  precipitated,  and  the  precipitate, 
acted  on  b^  potash,  leaves  the  mckel  as  peroxide,  whue  the 
cobalt  is  dissolved  as  cobaltocyanide,  and  may  be  determined 
along  with  the  portion  not  precipitated  for  want  of  nickel.  If, 
on  the  other  hand,  there  he  more  nickel  than  cobalt,  all  the 
cobalt  is  contained  in  the  green  precipitate  of  cobaltocyanide 
of  nickel,  and  may  be  dissolved  bv  potash,  and  its  quantity 
determined,  while  the  nickel  left  by  the  potash  as  peroxide 
may  be  added  to  that  left  in  the  u<]uid  for  want  of  cobalt. 
Such  is  an  outline  of  this  very  beautiful  and  refined  method, 
which  gives  most  accurate  results. 

VII.  Gbeomoctanooin.    Cy«Cr9=0ry. 

This  radical  is  little  known.    It  is  analogous  to  the  two  pre- 
ceding, forming  with  hydrogen  an  add,  Cry,  Hs,  and  with 
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potaadum  a  yellow  crystalliaable  salt,  Ciy^  Ks,  v^ch  ptred- 
pitates  metalfic  soliitions. 

yill.  Platikocyanooim.    CyaPt=Cpy=:151-88. 

This  radical  is  not  known  in  the  separate  state.  It  forms 
with  hydrogen  a  crystallisable  acid  of  a  gold  or  copper 
colonr  and  metallic  lostre,  Cpy,  H?,  which  is  very  soluble  and 
deliquescent.  This  acid  is  powerful,  decomposes  the  carbonates, 
and  produces  platino(^anides.  Platinocyanide  of  potassiunii 
Cpy,  Ka,  is  easily  obtamed  by  heating  spongy  nlatinum,  or  still 
better  finely  divided  platinum  black  to  low  reoness  witJi  twice 
its  weight  of  dried  ferroc)ranide  of  potassium,  and  lixiyiating 
with  water ;  or  by  dissolving  protochloride  of  platinum  in  hot 
solution  of  cyanide  of  potassium.  It  forms  crystals  yellow  and 
metallic  by  transmitted,  blue  by  reflected  li^^t.  By  the  action 
of  this  salt  on  protonitrate  of  mercury,  a  cobalt-blue  precipi- 
tate is  formed,  which,  when  heated  in  the  fluid,  becomes  white, 
and  is  then  pure  platinocyanide  of  mercury,  Cpy,  Hg(1) 
This  salt,  acted  on  by  sulphuretted  hydrogen,  vields  the 
platinocyanic  acid.  A  solution  of  platinocyanide  of  potassium 
acted  on  by  chlorine,  yields  beauUfnl  copper-like  cr3r8tals  of  a 
new  salt,  which  is  either  a  double  cyanide,  2  K  Gy  +  Pt*  Cvs 
+  5  H  0  ;  or  the  potassium  salt  of  a  new  radical,  Ptt  Gys  &• 
+  6  H  O  (Knop.) 

The  Dlatinocyanides  of  barium,  strontium,  and  calcium,  are 
easily  obtained  by  the  action  of  platinocyanic  acid  on  mese 
bases,  and  crystallise  readily  in  beautiful  greenish  yellow 
colour,  or  in  some  cases  green  and  rod  with  metallic  lustre. 

IX.  Imdioctanoobv.    GjslrsrOij. 

This  radical  has  not  been  isolated — it  forms,  with  hydrogen, 
iridiocyanic  acid  Gva,  Ir,  H«,  which  is  obtained  by  the  action 
of  sulphuretted  hydrogen  on  iridiocyanide  of  lead  673  Ir,  Pb.s 

IrufifKyanide  ofPiJtasHum,  Gyj  Ir,  Ks,  is  obtained  by  the 
action  of  protochloride  of  irridium  on  cyanide  of  potassium.  It 
forms  colourless  crystals;  its  solution  gives,  with  salts  of 
peroxide  of  iron,  a  deep  indigo  colour. 

There  appears  to  be  a  series  of  similar  compounds  formed 
by  cyanide  of  palladium.  The  palladiocyanide  of  potassium 
corresponds  to  the  platinocyanide,  and  its  formula  is  Gy* 
Pd,  K. 

There  is  also  reason  to  belieye  that  manganese  forms  a 
manganocyanogen,  corresponding  to  ferridcyanogen,  Gyo  Mna= 
Gmy.  The  manganocy aside  of  potassium  is  proliably  Cy^ 
Mn*+K«=Gmy,K3. 
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From  what  has  been  stated  in  the  preceding  pages,  it  will 
be  seen  that  cyanogen  has  a  veiy  great  tendency  to  foim 
cyanides  containing  2  or  3  metals,  and  likewise  cyanides 
containing;  one  of  these  metals  and  hydrogen  in  the  place 
of  the  other.  As  these  latter  compounds  are  very  powerfdl 
acids,  we  are  naturaUy  led  to  consider  them  as  hydrogen 
acids,  in  which  the  hydrogen  is  combined  with  radicals.  Tnis 
view  has  been  adopted  above,  and  we  have  seen  reason  to 
admit  the  following  radicals : — 

PlatinocTanogen    Cpy   :=  Cya  Pt 

Palladiocyanogen  Gpdj  =:  Cj2  Pd 

Forrocyanogen       Cfy    ^CysFe 

Iridiocyanogen       Ciy    ^  Cys  Ir 

Femdcyanogen       =  Cfdy  =:  Cy a  Fea 

Cobaltocyanogen     =  Cky  z=:  Cy a  Coa 

Chromocyanogen     =Cry=CyeCra 

ManganocyanogeD  =  Cmy  ^  Cy  a  Mn  a 

It  will  be  observed  that  there  are  three  different  formnla 
among  these  radicals,  namely,  Cjt  M  ;  Cya  M ;  and  Cy«  M«  ; 
the  fiist  monobasic,  ihe  second  bibasic,  the  third  tiibasic.  No 
other  view  can  at  present  be  siven  of  these  componnds,  of 
their  acids,  and  of  tneir  salts,  which  is  at  once  so  satisfactory, 
so  consistent,  and  so  advantageous  for  the  learner,  as  being 
adapted  to  assist  the  memory.  It  i&  true  that  the  acids  may 
be  viewed  as  compounds  of  cvanide  of  a  metal  with  cyanide 
of  hydrogen  (hydrocyanic  acid),  and  their  salts  as  compounds 
of  two  metallic  cyanides.  Thus,  ferrocyanic  acid,  Cv^Fe+H*, 
may  be  said  to  be  2  H  Cy  +  Fe  Cy,  and  fenx)cyanide  of  potas- 
sium, 2  K  Cy .+  Fe  Cy,  Again,  ferridcyanic  acid  may  be 
3HCy +  Fe>  Cya  and  its  potassium  salt  3  KCy  +  FetCys  : 
while  platinocyanic  acid  and  its  potassium  salt  may  be  H  Cy 
-f  PtCy  and  KCy  +  PtCy. 

But  the  strong  acid  properties  and  inert  nature  of  these 
acids,  and  the  remarkable  permanence,  both  of  the  acids  and 
of  the  salts,  are  entirely  inconsistent  with  the  presence  of  so 
weak  an  acid  and  so  frightful  a  poison  as  hydrocyanic  acid,  or 
of  bodies  so  easily  decomposed  as  hydrocyanic  acid  and  cya- 
nide of  potassium.  Besides,  there  are  numerous  double 
riides,  such  as  K  Cy,  Zn  Cy ;  K  Cy,  Cd  Cy ;  K  Cy  Cut  Cy, 
&c.  &c,  which  act  as  such ;  being  easily  decomposed,  and 
exhibiting  no  indications  of  containing  radicals  like  those  above 
described.  We  shall  therefore  not  dwell  on  any  other  view, 
and  merely  allude  here  to  the  true  double  cyanides,  as  belong- 
ing more  to  the  history  of  the  metals,  and  less  to  that  of  the 
oiganic  radicals. 
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paracyanoorn. 

As  an  appendix  to  the  metallic  cyanides,  we  may  here  men-* 
lion  this  componnd,  which  is  left  behind  as  a  dark-brown 
powder,  when  cyanide  of  mercnry  is  heated  in  a  retort.  As 
cyanogen  and  mercury  alone  are  given  off,  we  should  expect 
the  ssdt  to  be  dissipated  by  heat  entirely ;  but  this  not  being 
the  case,  it  is  evident  that  the  residue,  if  it  contain  no  mer- 
cury, must  have  the  same  composition  as  cyanogen,  and  be,  in 
short,  an  isomeric  modification  of  it^-a  solid  cyanogen.  Again, 
when  cyanide  of  silver  is  heated,  it  gives  off  part  of  its  cnr 
nogen ;  it  then  glows,  and,  if  soon  removed  from  the  nre, 
yields  a  peculiar  residue,  which  is  only  partly  dissolved  by 
nitric  acid.  The  insoluble  residue  appears  to  contain  silver 
and  cyanogen  in  the  proportion  Ag  Cy^,  and  it  is  probable  that 
the  cyanogen  here  is  m  the  solid  modification,  of  which  1  eq. 
is  supposed  to  be  formed  by  3  eq.  of  cyanogen. 

Wnether,  therefore,  we  admit  paracyanogen  as  a  separate 
radical  or  not,  the  two  residues  just  mentioned  contain  carbon 
and  nitroeen  in  the  proportions  to  form  cyanogen.  It  is 
also  possmle  that  some  such  compound  may  exist  in  cast 
iron  and  steel,  which  appear  to  contain  nitrogen  as  well  as 
carbon. 

In  treating  of  mellone,  we  shall  see  that  doubts  may  be 
entertained  of  the  existence  of  paracyanogen,  and  that  the  pro- 
portions of  carbonic  acid  and  nitrogen  gases  obtained  in  ana- 
lysing the  supposed  paracyanogen  may  be  derived  from  a  mix- 
ture of  mellone  and  carbon. 

CTANOGEN  AND  SULPHUR. 
X.    SuLPHocYANooBM.     Cy  Ss  =:  C17. 

Syn.  Biiulphuret  of  Cyanogen, — When  ferrocyanide  of 
potassium  is  heated  with  sulphur,  there  is  formed  a  new  salt, 
the  formula  of  which  is  Cy  S'  -|-  K.  This  is  sulphocyanide  of 
potassium,  which  appears  to  contain  the  radical  Cy  St,  or  Csy. 
We  cannot  say  that  this  radical  is  known  in  the  free  state,  but 
by  the  action  of  chlorine  on  sulphocyanide  of  potassium  there 
is  formed  a  bright  orange  powder,  which  contains  sulpho- 
cyanogen,  mixed  with  some  other  bodies.  like  the  preceding 
radicals,  sulphocyanogen,  with  hydro^n,  forms  a  peculiar  acid, 
the  sulphocvanic  or  hydrosulphocvamc  acid. 

Hydromlphocwinic  Acid — Cy  S9,  H  =  Csy  H — is  obtained 
by  passinff  sulphuretted  hydrogen  gas  through  sulphocyanide 
of  lead,  Csy,  rh,  suspended  in  water.    The  solution  thus 
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formed  ia  highly  acid,  and  has  the  odour  of  acetic  acid.  It 
strikes  a  blo^-red  colour  with  salts  of  peroxide  of  iron,  and 
this  property  is  fonnd  in  all  soluble  snlphocyanides.  The 
fonnnla  of  this  acid  corresponds  to  that  of  cyanic  acid,  Cy  Ot, 
H ;  and  it  may  be  viewed  as  cyanic  acid,  the  oxygen  of  which 
has  been  replaced  by  snlphar.  With  metallic  oxides,  it  forms 
the  sulphocyanides  of  the  metals ;  Cy  S«,  H  +  M  O  =  Cy  St, 
M  +  HO. 

Sulphotyanide  of  PoUuHuni—CyBM,  K  =  Csy,  K.— The 
best  process  for  obtaining  this  salt  is  to  melt  at  a  gentle  heat 
(only  raised  at  the  end  U>  low  redness)  46  parts  of  dried  fer- 
rocyanide  of  potassium,  32  of  sulphur,  and  17  of  pure  carbo- 
nate of  potasn.  The  mass  when  cold  is  boiled  with  water, 
and  the  solution,  being  filtered  and  evaporated,  deposits  stri- 
ated prismatic  cxystals  of  the  salt,  veiy  similar  in  appearance, 
and  in  taste  also,  to  nitre. 

If  not  ^uite  pure,  it  is  purified  by  solution  in  alcohol  and 
recrystallisation.  In  this  process,  the  whole  cyanogen  of  the 
ferrocyanide  is  first  conveited  into  cyanide  of  potassium,  and 
then,  by  the  taking  up  of  sulpur,  into  sulphocyanide ;  while 
the  iron  is  converted  into  sulphuret.  As  1  eq.  ferrocyanide 
contains  3  ea.  of  cyanogen  and  2  of  potassium,  1  eq.  of  carbo- 
nate of  potash  is  added,  and  the  3  eq.  of  cyanide  of  potassium 
thus  obtained  take  up  6  eq.  of  sulphur  to  form  the  new  salt. 
3KCy  +  Sa=3(CyS.,K}. 

Sulphocyanide  of  potassium  causes  precipitates  in  some 
metallic  solutions,  but  as  many  metallic  sulphocyanides  are 
soluble,  the  greater  number  of  metals  are  not  precipitated  by 
this  salt.  With  salts  of  peroxide  of  iron  it  strikes  an  intense 
blood-red  colour,  but  causes  no  precipitate.  With  acetate  of 
lead  it  gives  yellow  crystals,  and  with  subacetate  a  white  pre- 
cipitate, and  with  salts  of  suboxide  of  copper  also  an  insoluble 
wtute  subsulphocyanide  of  copper.  Sulphocyanide  of  silver  is 
precipitated  as  a  curd^  white  solid,  when  sulphocyanide  of 
potassium  is  added  to  nitrate  of  silver.  The  other  sulphocya- 
nides are  soluble. 

When  sulphocyanic  acid  ia  set  free  from  its  salts,  by  diluted 
acids,  and  exposed  to  heat,  it  is  resolved,  with  the  aid  of  the 
elements  of  water,  into  carbonic  acid,  bisulphuret  of  carbon,  and 

ammonia.    CaNS»,H  + H.  0.  =  ^®' |  +  NH..  Compare 

this  with  the  spontaneous  decomposition  of  cyanic  acid  when  set 

freefiromitesalt8:C.NO,,H  +  H.  0.=  ^q]]  +  N  H.. 

This  shows  that  the  view  which  considers  sulphocyanic  acid 
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as  cyanic  add,  the  oxygen  of  which  has  been  replaced  by  sol* 
phur,  is  confirmed  by  the  similarity  in  the  decomposition  of 
these  two  adds ;  which,  in  this  point  of  view,  may  be  said  to 
belong  to  the  same  type. 

When  Bttlphocyanide  of  potassinm  is  mixed  with  6  or  6 
volumes  of  strong  hydrochloric  acid,  hydrocyanic  add  is  given 
off,  and  a  new  crystalline  add  is  depodted,  which,  con* 
tains  more  snlphnr,  and  may  be  called  (hydro)  persnlphocyanic 
add.  3  (Cy  8a,  H),  that  is  3  eq.  of  smphocyanic  acid  lose 
Cy  H,  1  eq.  of  hydrocyanic  add,  and  there  remain  2  eq.  of  the 
compound  Gy  S^,  H,  or  persnlphocyanic  add.  The  formula 
of  its  salts  IS  Cy  8>,  M.  When  the  add  is  dissolved  in  am- 
monia, it  soon  depodts  snlphnr,  and  the  liquid  retains  a  new 
compound  Cy*Ss,  H«  (=2CyS3,  H  —  8)  combined  with 
ammonia  :  on  adding  an  add,  persnlphoc^ruiic  w  reproduced 
and  deposited,  while  sulphocyanic  add  remains  in  the  solution : 

When  solution  of  sulphocyanide  of  potasdum  la  acted  on  b^ 
chlorine,  or  b^  nitric  add,  a  bright  orange-yellow  powder  is 
depodted,  which  was  long  supposed  to  be  sulpho<7anogen; 
but  it  now  appears  to  be  a  compound  or  mixture  of  sulpho- 
cyanogen,  sulphocyv^ic  acid,  and  water,  in  the  proportions 
3CvSa  +  Cy  S.,  H  +  H  0  =  C<,  N.  8«  +  (Ca  NS.,  H) -^ 
H  0  =:  Ca  N4  Ss  H«  0.  This  yellow  compound  undergoes  a 
very  remarkable  change  when  heated  :  it  gives  off  bisulphuret 
4)f  carbon,  sulphur,  and  a  little  persnlphocyanic  add,  and  there 
is  left  in  the  retort  a  grayish-yellow  powder,  containing  no 
sulphur,  oxygen,  nor  hydrogen,  and  not  decomposed  by  a  low 
rea  heat.  By  a  strong  red  heat  it  is  disdpated,  yielding  a 
mixture  of  3  vol.  cyanogen  to  1  vol.  nitroffen. 

This  residue  may  be  viewed  as  a  cyanide  of  nitrogen  N  Cy« 
=:  C«  N4,  and  as  it  plavs  the  part  of  a  radical,  analcM^ous  to 
cyanogen,  it  is  called  mellone,  and  has  the  symbol  Me.  Its  pro- 
duction ^m  sulphocyanogen  w  easily  explained :  4  (Ct  N  8*) 
=:  2CS9  -h  84  +  C«  N4.  If  the  orange-yellow  compound 
which  yields  it  be  thrown  into  melted  sulphocyanide  of  potas- 
dum the  mellone  actually  seizes  the  potasdum,  expelling  the 
sulphocyanogen,  which  is  resolved  into  bisulphuret  of  ean>on, 
sulphur,  cyanogen,  and  nitrogen,  all  of  which  escape  with 
effervescence.  This  is  because  mellone  is  not  only  a  powerful 
radical,  but  also  capable  of  resisting  a  strong  heat. 

XI.  Mkllonb.     He  =r  Ca  N4  =:  92*94. 
The  preparation  of  this  radical  by  the  action  of  heat  on 


326  HELLONIDB  OF  POTASSIUM. 

impure  salphocyanogen,  has  been  described  abo^e.  It  may 
also  be  obtained  by  heating  to  low  redness  the  snlphocyanide 
of  ammonium,  as  will  be  explained  below.  It  appears  as  a 
giayidi-yellow  powder,  which  is  capable  of  combining  directly 
with  potassium  when  heated  with  it,  and  of  decomposing  sal- 
l^ocyanide  of  potassium,  as  before-mentioned.  In  both  cases 
it  forms  a  fusible,  soluble,  ciystallisable  salt,  mellonide  of 
potassium.  When  to  the  solution  of  this  salt  an  add  is  added, 
it  causes  a  white  gelatinous  precipitate,  which  is  an  acid, 
sparinffly  soluble  in  water,  the  hydromellonic  acid. 

Hychimelhnie  Aci&—l&e  H  =  C«  N^,  H  —  is  best  formed 
by  mixing  a  hot  solution  cff  mellodine  of  potassium  with  strong 
hydrochloric  acid,  when,  on  cooling,  hydromellonic  add  is 
deposited  as  a  snow-white  powder.  It  is  somewhat  soluble  in 
hot  water,  sparingly  so  in  cold ;  it  is  a  strong  acid,  and  with 
acetate  of  potash,  produces  mellonide  of  potassium,  displacing 
the  acetic  acid.  If,  however,  a  saturated  hot  solution  of  the 
mellonide  be  mixed  with  acetic  acid,  half  the  potash  is  removed, 
and  on  cooling,  crystals  of  an  acid  salt  are  deposited,  which, 
in  the  case  of  a  hydrogen  acid,  is  very  unusiuJ.  It  is  pos- 
sible, however,  that  hydromellonic  add  may  be  bibasic,  which 
would  account  for  the  fact  of  its  forming  an  add  salt.  This 
add  is  veiy  remarkable  for  its  power  of  resisting  heat,  as  it 
requires  a  mil  red  heat  to  decompose  and  dissipate  it. 

MeUanideofPotasnum — Me,  £1  =  Ce  N4,  K---0Gcurs  as  an 
acddental  product  in  the  making  of  sulphocjnmide  of  potas^ 
sium.  It  IS  best  obtained  by  fusing  at  a  low  red  heat,  in  a 
covered  iron  crucible,  dried  ferrocyanide  of  potassium,  with 
about  half  its  weight  of  sulphur,  and  adding,  towards  the  end 
of  the  fasion,  about  5  per  cent  of  dried  carbonate  of  potash. 
The  cooled  mass  is  boued  with  water,  and  the  filtered  solution 
concentrated,  till,  on  cooling,  it  forms  a  semi-solid  mass  of 
minute  needles,  which  are  purified  from  sulphocyBnide  by 
washing  with  alcohol,  in  which  the  mellonide  is  insolnble. 
The  mellonide  may  also  be  obtained  by  adding  mellone  to 
fused  sulphocyanide  of  potassium,  when,  by  the  decomposition 
of  the  sulphocyanogen,  an  additional  quantity  of  mellcme  is 
formed.  In  the  first  process,  also,  a  portion  of  mellone  is 
formed  by  the  action  of  heat  on  the  sulphocyanide  of  iron, 
produced  at  the  commencement  of  the  fusion ;  and  this  mel- 
lone acts,  as  in  the  second  process,  on  the  sulphocyanide 
of  potassium,  giving  rise,  in  so  doing,  to  an  additional  amount 
of  mellone :  hence,  the  advantage  of  adding  some  carbonate  of 
potash,  to  prevent  any  loss  of  mellone.  Finally,  mellonide 
of  potasdam  may  also  be  prepared  by  adding  3  parts  of  dry 
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mbeolphocyamde  of  copper  to  3  of  fnaed  Bolphocyanide  of 
potasniun. 

MeUonide  of  potassiiiiii  ia  soluble  in  water,  inaolable  in 
alcohol.  It  has  a  bitter  taste,  and  its  crystals  contain  5  eq. 
of  water,  of  which  4  eqs.  are  expelled  at  212''.  When  act^ 
on  by  hydrochloric  acid,  it  yields  hydromellonic  add ;  when, 
W  acetic  acid,  it  gives  the  acid  salt  aboTe-mentioned.  By 
the  action  of  mellonide  of  potassium  on  the  salts  of  baryta, 
atnmtia,  lime,  or  magnesia,  the  mellonides  of  bariimi,  &c. 
are  obtained  as  sparingly  soluble  salts,  which  aystallise  in 
fine  needles. 

By  boiling  mellonide  of  potassium  with  excess  of  potash^ 
ammonia  is  given  off,  and  a  new  salt  is  formed.  This  decom- 
posed by  acetic  acid,  yields  a  white  ciystalline  precipitate, 
containing  no  potash,  probably  a  new  acid.  yThen  dilate 
solution  of  mellonide  of  potassium  is  acted  on  by  strong  hydro- 
chloric acid,  and  boiled  till  the  hydromellonic  acid  is  re* 
dissolved,  the  liquid^  on  cooling,  deposits  qrannric  acid,  and 
contains  sal  ammomac.  Hydromellonic  acid  Cy«  N  H,  with 
3  eq.  of  water  Hj  Os^  and  1  eq.  oi^gen,  yields  diy  cyannric 
add,  Gy*  Oj,  and  oxide  of  ammommn,  N  H^  0.  The  equi- 
valent of  oxygen  is  probably  derived  from  the  atmosphere ; 
bat  this  decomposition,  as  well  as  the  preceding,  requires 
minute  investigation. 

PRODUCTS  OF  THE  DISTILLATION  OF  SVLPROOTANIDS  OF  AMMONIUM. 

As  an  appendix  to  sulphocyanoeen  and  its  derivative  mel- 
lone,  we  mav  consider  the  remarkable  results  of  the  action  of 
heat  on  sulj^nocyanide  of  ammonium,  N  H4,  Ct  N  S«. 

Wben  tms  salt  is  heated  in  a  retort,  there  are  ^ven  off  as 
gases  or  vapours,  bisulphuret  of  carbon,  ammonia,  and  sul- 
phuretted hydrogen,  the  two  latter  partly  combined  as  sul- 
phuret  of  ammonium : — 

4  «q.  Sulphocyanide  of  Ammoniam   •    •  zzCt  Nt  Ss  Hie 
xoBj  yield  — — _ 

2  eq.  Bisulphuret  of  Carbon  .         .  =C»        S4 

4  eq.  Ammonia       .         .         •         .     .  =      N4        His 

4  eq.  Sulphuretted  Hydrogen         .        .  ^  S4  H4 

1  eq.  MeUone =£l8  N4 
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Such  is,  in  fact,  the  result  of  the  action  of  a  strong  heat  on 
the  salt,  mellone  alone  remaining  in  the  retort.  But  if  a  more 
moderate  heat  be  employed,  a  gray  residue  is  left,  containing 
the  elements  of  mellone  with  those  of  ammonia.    If  this  crude 
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residae  be  dinolred  in  boiling  potash,  and  the  solntion  qnicUy 
filtered,  there  is  deposited,  on  cooling,  a  hea\y  white  powder, 
vHiich  is  the  chief  product  of  the  distillation  of  the  stolpho- 
cyanide,  in  a  state  of  purity.  It  has  been  called  Melam,  and 
its  formula  is  Ci  >  N 1 1  lit  =  2 C«  N«  +  3  N  H«,  or  Seq. 
mellone  and  3  eq.  ammonia. 

When  the  crude  melam  is  acted  on  by  oil  of  Titriol  it  dia- 
■olyes  with  the  aid  of  a  gentle  heat,  and  if  water  be  added, 
and  the  whole  boiled  till  the  addition  of  carbonate  of  am- 
monia causes  no  further  precipitate,  the  liquid,  on  cooling, 
deposits  a  large  quantity  of  cyanuric  acid,  and  is  found  to 
contain  sulphate  of  ammonia.  Now,  as  mellone,  by  the  action 
of  acids  or  alkalies,  yields  cyanuric  acid  and  ammonia,  it  is 
easy  to  see  that  meiam  should  do  the  same,  Ci «  Ni  i  H»  ; 
that  is,  melam  is  equal  to  2  eq.  mellone  Ci»  Ns,  and  3  ea. 
ammonia  N«  Hs ;  and  if  we  represent  mellone  by  Cys  N» 
melam  will  be  2  Cjt  N  -4*  3  N  H,.  Now  let  us  add  12  eq.  of 
water,and2(>r.  N  +  Hi.0i,  =  2(Cyj06,H.)  +  2NHj, 
and  adding  the  3  eo.  of  ammonia  alrea(hr  present  in  melam,  we 
have  2  eq.  hydrated  cyanuric  acid,  2  (Cys  0«,  Hs),  and  5  eq. 
ammonia,  5  N  Hs,  as  the  final  results  from  1  eq.  melam  ana 
12  eo.  water,  under  the  influence  of  acids  and  heat. 

When  melam  is  acted  on  by  boiling  with  potash,  a  series  of 
new  compounds  is  obtained.  The  first  is  melamine,  which  is 
deposited  in  crystals  when  the  alkaline  solution  cools.  Mela- 
nune  contains  no  oxygen,  but  is  an  artificial  organic  base, 
neutralising  acids,  and  forming  salts.  Its  formula  is  Ca  N«  Hs 
=  C«  N4  +  Nt  Hs  ;  that  is,  it  contains  the  elements  of  1  eq. 
mellone,  and  2  eq.  ammonia. 

The  second  new  body  is  obtained  as  a  white  powder,  when 
the  alkaline  solution  which  has  deposited  melamine,  is  super- 
saturated with  acetic  acid.  It  is  called  ammeline,  ana  is 
also  a  base,  although  weaker  than  melamine.  Its  formula 
isCoNs  H5  0*  =  Ca  N4  +  NH3  +2HO,orleq. mellone, 

1  eq.  ammonia,  and  2  eq.  water.  It  forms  a  crystallisable  salt 
with  nitric  acid. 

It  may  here  be  observed,  that  melam,  Ci  t  Ni  1,  Hs,  with 

2  eo.  water,  H?  Ot,  contains  the  elements  of  1  eq.  meliunine, 
C«  Ns  Ha,  and  1  eq.  ammeline.  C«  Ns  Hs  0», 

When  either  melamine  or  ammeline  is  dissolved  in  strong 
sulphuric  acid,  or  melam  in  nitric  acid,  and  the  solution  mixed 
first  with  two  vol.  of  water,  and  then  with  four  of  alcohol,  a 
white  powder  is  obtained,  resembling  ammeline,  but  having 
the  formula  C, .  N9  H»  0«  =  2  Ce  N*  -h  N  Hs  -h  6  H  O, 
or  2  eq.  mellone,  1  eq.  ammonia,  and  6  eq.  water.    It   is 
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called  ammelide,  and  has  rather  the  characters  of  an  acid  than 
of  a  base. 

Melamine,  by  the  action  of  hydrochloric  acid,  aided  by  heat, 
is  transformed  into  ammeline,  giving  off  ammonia^  while  water 
is  taken  up.  €«  Nd  H«  +  H«  Oa  =  C«  N«  H.  0»,  and  C« 
N.  H,  O.  —  N  Ha  =  Ca  N.  H.  0.. 

Melam  also,  when  treated  in  the  same  way,  yields  ammeline 
and  ammonia.  Ci>  Nn  Hs  +  Hi  O4  =  Cia  Nn  Hi«  O4  ; 
and  C,  N.I  H,,  0*  — NH,  =  C.»  Nio  H.o  0*  =  2(Ca 
Ns  H.  0.). 

All  these  snhstances  may  be  resolved,  by  the  action  of  acids, 
into  cjrannric  add  and  ammonia.  It  appears  that  they  are  all, 
thai  is,  melam,  melamine,  and  ammefine,  first  converted  into 
ammelide,  and  that  ammelide  is  the  sonrce  of  the  cyanuric  acid 
and  ammonia. 

It  is  obvious  that  they  are  all  closely  related  to  each  other, 
and  to  cyanuric  acid,  lliat  they  are  also  related  to  mellone  is 
probable,  because  when  heated  they  leave  a  yellow  residue, 
which  is  converted  by  a  stronger  heat  into  cyanogen  and  nitro- 
gen ;  which,  in  short,  is  mellone.  All  these  compounds  may 
be  represented  as  tribiunc  cvanurate  of  ammonia,  minus  water, 
or  water  and  ammonia.    lluSy 

I  eq.  anhydrouf  cyunuate  of  ammonia,  Cja  Oi,  3  N  Ha=C«  N«  Hs  Oa 
Minui  3  eq.  vater         •.«.«•=  Hs  Os 


TieldB  1  eq.  melamine ^Ce  No  He 

1  eq.  anhydrous  cjanmate  of  ammonia         .        ,     .    :=Ce  Ne  H9  Oa 

Yields  1  eq.  ammeline        •        .        •        .    .    ZZ.C9  Ns  Ha  Oa 

2  eq.  anhydrous  cyanorate  of  ammonia      .        t      nCia  Nia  His  Oe 
I  1  eq.  ammonia  ^N  Ha       ] 

6  eq.  water       =    HeOsJ 


Minus  1  eq.  ammonia  ^N  Ha       "I  N      Hb    O 


Yields  1  eq.  melam        ....      =CiaNiiHe 

2  eq.  anhydrons  cyanuiate  of  ammonia  .    .      =Cia  Nia  Hia  Oe 

Minus  3  eq.  ammonia     •        .        .         •        .      =        Ns   H« 

Yields  1  eq.  ammelide         •        #         .    •    =:CiaNa   Ha    Oe 

When  the  mass  remainiiu;  in  the  retort  when  urea  is  heated, 
and  formerly  believed  to  be  cyanuric  acid  or  cyanurate  of 

z 
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ammonia^  is  acted  on  by  acids,  it  yields  cyanoric  acid,  aad 
ammonia  is  found  in  the  solution ;  but  if  it  be  boiled  with 
vftter,  an  insoluble  snow-white  powder  is  obtained,  which 
agrees  with  ammelide  in  almost  all  its  properties.  Its  formula, 
however,  is  Ce  N«  H4  0«,  and  it  may  also  be  derived  from 
C3ranarate  of  ammonia,  as  follows : — 

1  eq.  aohjdroua  tribaaic  cyanurate  of  ammonk,  1        Ca  Ka  H»  Oa 

Cys  0«,  3  N  Hs  J 

Minus  2  eq.  ammonui  •        .        •        .  =        Na  H« 

and  C«  N4  Hs  Oa 

Plug  1  eq.  K^ater =  HO 

Yielda  1  eq.  of  the  new  product  fiom  una  =  Ce  N4  H4  O4 

This  product,  therefore,  is  intermediate  between  ammelide 
and  cyanuric  acid. 

To  be  tiansformed  into  hydrated  cyannric  add,  it  haa  only 
to  lose  1  eq.  ammonia,  and  to  gain  2  eq.  water.  Its  formation 
from  nrea  is  vei^r  easily  understood ;  for  4  e<^.  urea,  minus 
S  eq.  carbonic  acid  and  4  eq.  ammonia,  will  give  this  com- 
pound : — 

4  eq.  urea        .        •         #        •        •        CsNaH&eOa 
Minus  2  eq.  carbonic  add  Ca  Q4  1     n^  -kt    it      j^ 

„      4eq.ammoma  N4  Hi.  J=^* '^^  ^^"  ^* 

1  eq.  of  the  new  compound         .        •  C«  N4  H4    ()4 

In  order  to  render  still  more  obvious  the  relation  of  these 
compounds,  melam  excepted,  to  C3ranuric  acid  and  among  each 
other,  let  us  express  the  hypothetical  compound  N  H  by  Mt, 
M,  therefore,  standing  for  4^  eq.  N  H,    We  then  have— 

Gyaauric  acid,  C«  Ns  Ha  Oa  .        •     »Cys      06  + Ha 

Melamine,  C«  N«  Ha  .        .        .     ^Cya     Ma  +  Ha 

Ammeline,C6  Na  Hs  Oa  .  •  .  «Cya4  Q*  +  Ha 
AmmeUde,CaN4iH4  Oa  .  .  .  ^^'{o»  +  ^* 
Tbe  new  compound'froiii  urea,  Ce  N4  H4  O4  aCya  <  ^'  +  Ha 
And  cyanuric  acid  ..        «^        •    .     aCya     Oa  +  Ha 

Here  we  see  the  change  in  properties  accompanying  the 
gradual  substitution  of  M  for  0.    At  one  end  of  the  1 
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e^  8  base,  contaimng  no  oxygen ;  at  the  other,  Gyanoric 
acid|  a  highly  oxy^nised  acid ;  while  ammeline  is  a  weak 
base,  and  the  remaining  two  are  neutral,  or  have  a  tendency, 
bat  a  yeiy  slight  one,  to  acid  properties. 

Before  quitting  these  compounds,  it  is  projjer  to  point  out 
that  as  sulphocyanic  acid  corresponds  to  cyanic  acid,  sulpjhur 
being  substituted  for  oxysen,  so  snlphocyanide  of  ammonium 
corresponds  precisely  in  the  same  way  to  urea ;  for  urea  is  Ct 
Nt  H4  Ot,  and  snlphocyanide  of  ammonium  is  (see  above) 
CaNtHsSs.  That  this  analogfis  not  imaginazy  we  have 
seen  in  the  similarity  of  the  action  of  heat  on  U>th. 

InthaeMeof  nm,  4eq sCa  Nt  Hi«  Ot 

j»M2e,.«rb.nic«ad.C.0«  I    .    .     .C.  N«  Hx,  0« 

lod    4  eq.  immonu,  Na  His  j 

Lesving  1  eq.  of  the  new  body     .  .     »€•  N4  H4    Oa 

In  the  cue  of  tulphocTanide  of  ammonium,  4  eq.       =C«  Na  Hie  Ss 
yWld  2  eq.  bisnlphuret  of  carbon,  Ca  S4  1        n    u    -a      a 

tod    4^.imin^  N4Hi«;    =C«  N4  Hx«  S4 

Leaving  1  eq.  mellone  +  4  eq.  solphnretted  hydrogen  sCe  N4  +  H4  S« 

The  analogy  only  fails  here  in  the  fact,  that  the  elements 
C«  N4  H4  8«,  instead  of  uniting,  as  Ce  Ni  Ht  0«  do,  to  form 
one  compound,  are  resolved  into  two,  namely,  mellone  and 
sulphnretted  hydrogen.  Of  course  the  substance  from  urea 
may  be  viewed  as  compound  of  1  eq.  mellone  and  4  of  water ; 
ana  H  may  possibly  nereafter  be  resolved  into  thoee  sub- 
stances. 

When-  mellone  is  boiled  with  nitric  acid  a  new  acid  is 
formed,  crystallising  in  octohedrons,  which,  when  re-dissolved 
in  water,  form  pearly  scales.  Liebi^,  who  alone  has  studied 
it,  found  its  formula  and  all  its  reactions  exactly  like  Uioee  of 
eyanniic  acid,  and  called  it  cyanilic  acid  :  1  eq.  mellone  and 
6  eq.  water,  C«  Nt  +  He  Oe,  are  equal  to  1  eq.  cyanilie 
(oreyannric)  acid,  and  1  eq.  ammonia  (Ce  Na  Oe,  He^l+N  Ha. 
Fnrtlier  experiments  are  required  to  establish  eyanilic  acid  as 
an  independent  acid. 

Solphomellone.    HydroenlphomcUonic  acid. 

According  to  the  researches  of  Jamieson,  which  have  reached 
me  while  this  sheet  was  in  proof,  the  oiange-yellow  powder. 
oomnsonly  called  snlphocyanogen,  and  which^  at  p.  325,  is  said 
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to  contain  3  eq.  of  bisnlphnret  of  cyanogen,  1  eq.  hydrosolpho- 
cyanic  acid,  and  1  eq.  water,  really  consista  of  the  elements  of 
1  eq.  of  each  of  these  three  substances,  Cy  8*  +  Cy  Ss,  H  + 
HO  =:  €«  Nt  Hv  0 Si,  how  arranfled  we  know  not. 

When  dissolved  to  saturation  in  nydrosulphuret  of  sulphnret 
of  potassinm,  KS,  HS,  the  elements  of  4  eq.  sulphocyanogen, 
4  Cfy  S>  =  C«  Ni  Ss,  along  with  4  eq.  of  KS,  HS,  give  rise  to 
7  eq.  sulphuretted  hydrogen,  7  HS ;  1  eq.  pentasidphuret  of 
potassium  KSs;  2  eq.  carbonate  of  potash,  2  (KO,  COt)  and 
1  eq.  sulphomellonide  of  potassium,  C«N4HsS4,  K. 

When  this  salt  is  decomposed  by  an  acid,  as  hydrochloric 
acid,  a  simple  exchange  takes  place.  Co  Ni  H <  S«  K  +  H  CI 
=  KCl  +  C«  N4  H>  S«,  H.  The  latter  formula  represents  the 
hydrosnlphomellonic  add,  which  is  a  spaiingly  soluble  white 
crystalline  powder.  It  combines  readily  with  the  alkalies,  and 
decomposes  the  carbonates  of  the  alkaline  earths  when  boiled 
with  tnem.  All  the  hydromellonides  of  the  metals  of  the 
alkalies  and  alkaline  earths  are  soluble  and  crystallize  beauti- 
fully. The  general  formula  for  the  anhydrous  salts  is  Ce  Ni 
Hj  S4,  M ;  but  the  crystallized  salts  contain  from  2  to  6  eqs. 
of  water  besides.  The  silver  salt  is  anhydrous.  The  supposed 
radical  of  this  acid,  and  of  its  salts,  is  not  yet  known  in  a 
separate  state ;  but  when  the  sulphomellonide  of  potassium  is 
acted  on  by  chlorine,  there  is  separated  a  white  powder,  which 
seems  to  be  sulphomellone,  although  Jamieson  has  not  yet  had 
time  to  ascertam  that  point.  But  the  acid  and  its  salts  are 
rendered  very  simple  by  assuming  the  existence  of  this  radical, 
which  agrees  witn  all  the  facts  yet  known,  and  makes  the 
sulphomellonides  analogous  in  composition,  as  they  are  in  their 
relations,  in  their  origin,  and  in  their  properties,  to  chlorides, 
bromides,  iodides,  fluorides,  cyanides,  and  mellonides. 

Having  now  concluded  our  sketch  of  the  compounds  de- 
rived from  that  of  sulphur  and  cyanogen,  it  only  remains  to 
mention,  that  cyanogen  forms  one  or  two  compounds  mith 
sulphuretted  hydrogen,  and  that  sulphocyanic  acid  forms  a 
compound  with  the  same  gas.  These  compounds,  however, 
are  as  yet  too  little  known  to  permit  of  their  being  clearly  l^d 
down. 

Cyanogen  does  not  form  any  compound  of  importance  with 
phosphorus  or  the  remaining  metalloids.  But  tnere  is  a  very 
interesting  and  important  series  of  compounds,  in  which  we 
may  conceive,  witn  some  probability,  a  radical  to  exist, 
formed  of  the  elements  of  cyanogen  and  those  of  oxalyle 
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(see  p.  290),.  or  carbonic  oxide,  Cs  0>.  This  is  the  series 
of  compounds  derived  from  nric  add,  and  consequently  closely 
connected  with  urea,  which  we  have  seen  to  be  derived  from 
cyanate  of  ammonia,  and,  through  cyanic  acid,  from  cyannric 
acid,  which  connects  it  again  with  mellone,  melam,  and  snl- 
pho<^anogen. 

We  shall  first  briefly  describe  the  nric  acid  itself,  as  the 
starting  point  of  an  extensive  series  of  products.  The  radical 
supposed  to  exist  in  these  compounds  will  be  better  understood 
if  described  after  we  have  become  acquainted  with  them. 

CYANOGEN  WITH  CARBONIC  OXIDB. 

XII.  Urylb. 

1.  Uric  Acid.     C»o  N4  H4  0«  =  Cio  N4  Hs  Os  +  H  O. 
Or  Cio  N4  Ha  04,  2  H  O;  or  Ca  Na  HOa,  H  O  (Benach). 

Syn.  Urilie  Addr—LUhic  ^cu?.— Occurs  in  small  quantity 
in  the  healthy  urine  of  man  and  quadrupeds,  and  in  mucn 
laiver  quantity  in  the  urine  of  birds,  whether  carnivorous  or 
heroivorous,  as  in  the  pigeon  and  hawk  tribes.  In  the  urine 
of  birds  it  forms  the  white  part,  in  the  form  of  urate  of  am- 
monia, and  it  is  still  found  as  such  in  guano— a  substance  pro- 
duced by  the  lon^-continued  action  of  the  air  on  the  urine  (or 
excrement,  for  uey  are  voided  together)  of  searfowl.  The 
only  excrement  of  serpents,  as,  for  example,  of  the  boa  con* 
stricter,  is  a  white  semi-solid  mass,  which  soon  dries,  and  is 
pure  acid  urate  of  ammonia.  In  serpents,  which  are  all  car- 
nivorous, it  is  veiy  remarkable  that  the  whole  excreta  (except 
occasionally  hair  and  feathers,  which  pass  undigested)^  should 
take  the  form  of  urate  of  ammonia.  In  diseased  unne,  uric 
acid  is  often  deposited  on  cooling,  and  generally  of  a  reddish 
colour ;  it  also  constitutes  the  most  frequent  form  of  gravel 
and  of  calculus,  when  deposited  within  the  bladder.  Acid 
urate  of  soda  is  found  in  the  chalk  stones  of  gouty  patients  ; 
and  it  is  well  known  that  gout  is  a  disease  closely  allied  to 
calculus  of  this  kind. 

It  is  best  obtained  from  the  excrement  (or  urine)  of  the  boa, 
which  is  powdezed,  and  dissolved  in  40  parts  of  boiling  water 
by  the  £^ual  addition  of  caustic  potash,  till  the  liquid  is 
decidedly  alkaline.  The  uric  add  forms  urate  of  potash,  whidi 
dissolves,  while  the  ammonia  escapes.  The  hot  liquid,  being 
filtered  to  separate  impurities  (and  with  the  above  proportion 
of  water  it  filters  rapidly,  while  with  less  it  crystallises  on  the 
filter  and  chokes  it  up),  is  mixed  with  a  dedded  excess  of 
hydrochloric  acid,  when  the  uric  add  is  set  free,  and  being 
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insoluble,  is  deposited,  at  first,  as  a  very  bulky  gelatinous 
hydrate,  which  m  a  few  minutes  spontaneously  loses  water 
and  shrinks  into  a  crystalline  heavy  precipitate.  This  is  weU 
washed  with  cold  water  and  dried  in  the  air,  when  it  forms  a 
shining  powder,  composed  of  distinct  but  minute  crystals.  If 
made  from  a  cold  saturated  solution  of  urate  of  potash,  the 
ciystals  are  much  larger,  but  contain  17*5  per  cent ;  in  this 
case  4  eq.  of  water  are  expelled  at  212^,  leaving  the  same  sub- 
stance as  that  precipitated  from  a  hot  solution,  which,  when 
dried  in  the  air,  loses  nonweight  at  212°.  The  latter  is 
Ci  o  N*  Ha^Os  +HO  =  Ur  +  HO;  the  laiige  crystals  are  a 
hydrate,  Ur,  B  O  +  4  aq. 

If  pure  white  fragments  of  the  urine  of  the  boa  have  been 
used,  the  above  simple  process  yields  uric  acid  chemicaUy  pure, 
even  when  the  solution  in  potash  has  had  a  decided  y^ow 
colour.  This  uric  acid  is  snow  white,  and  is  entirely  dissi- 
pated by  heat,  leaving  no  trace  of  ashes.  But  if  the  boa*s 
urine  have  been  impure,  or  if  calculi  have  been  employed  to 
yield  uric  acid,  in  bolh  of  which  cases  the  alkaline  solution  is 
brown,  often  very  dark,  and  yields  a  coloured  uric  add,  or 
again  if  we  wish  to  extract  uric  acid  from  guano,  we  most  first 
purify  the  urate  of  potash  by  evaporating  the  alkaline  solution 
till  it  crystallises  in  a  mass,  or  passing  carbonic  acid  through 
it  to  neutralise  the  free  potasii,  when  the  acid  urate  of  potash 
is  deposited,  and  is  washed  on  a  filter  with  cold  water,  in 
which  it  is  very  sparingly  soluble,  till  it  is  quite  white.  It 
is  then  dissolved  in  boiung  water,  and  decomposed  by  hydro- 
chloric acid  as  before.  I  have  described  thus  minutely  fJie 
preparation  of  pure  and  colourless  uric  acid,  because  none  of 
the  very  interesting  products  derived  from  it  can  be  obtained 
if  we  employ  uric  acid  vrith  even  a  very  slight  tinge  of  colour. 
The  presence  of  a  mere  trace  of  the  colounng  matter  of  urine 
I  have  found  to  exert  a  most  remarkable  influence  on  the  oxi- 
dation of  uric  acid  by  nitric  acid,  an  influence  which  I  can 
only  compare  to  that  of  a  ferment  in  causing  a  peculiar  decom- 
position to  take  place. 

Uric  acid  requires  15000  parts  of  cold  and  nearly  2000  of 
hot  water  for  solution,  and  its  solution  reddens  litmus.  It 
forms  salts  with  bases,  especially  with  the  alkalies  and  alka- 
line earths,  all  of  which  are  insoluble  or  sparingly  soluble. 

The  salts  of  uric  acid  have  been  lately  examined  by  Bensch, 
according  to  whom  the  common  urates  are  acid  salts,  while 
the  eq.  of  the  acid  is  only  half  that  above  given,  or  Cs  N*  H* 
0*  =  C5N>H0t-hH0.  The  neutral  salts  are  Cs  N,  HO, 
-hMO,  and  the  acid  salts  are  Cs  N.  HOa,  MO -|-€.  N* 
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H  Oty  H  O.  B«D8ch  has  obtained  the  nentfal  salts  of  potash 
and  soda,  which  are  much  more  soluble  than  the  well  known 
urates  of  these  bases,  acid  urates,  according  to  Bensch.  The 
nentral  urate  of  potash  dissolves  in  35  parts  of  hot  water,  is 
alkaline,  and  is  converted  into  the  acid  salt,  both  by  water 
and  carbonic  acid.  The  acid  salt  requires  86  parts  of  boiling 
water  for  solution.  The  urates  of  soda  are  less  soluble,  and 
ihe  acid  urate  of  ammonia,  the  only  salt  formed  with  this 
base,  dissolves  in  about  1600  pKrU  of  water  at  60%  and  240 
parU  at  212<>. 

The  only  other  urates  hitherto  examined  bv  Bensch  are  the 
acid  salts  of  magnesia,  lime,  baryta,  strontia,  lead,  and  copper. 
It  would  appear  that,  adopting  his  formula,  the  uric  acid  has 
a  most  remarkable  tendency  to  form  acid  salts,  and  as  it 
appears  also  to  form  double  salts,  it  is  not  easy  to  see  why  he 
halves  the  formula  of  Liebig  for  the  hydrated  acid  ;  since  the 
above  characters  are  those  which  distinguish  bibasic  acids, 
and  it  would  appear  more  consistent  with  the  newly  observea 
relations  of  the  add,  to  express  the  formula  of  Liebig,  Ci  o  N« 
H«  Oe  r?  Cio  N4  Hi  Os  +  H  0  by  the  following  bibasic 
form  CioN4H»04+2HO  than  by  the  monobasic  form 
2  (Cs  N»  H  0>,  H  0).  If  we  adopt  the  bibasic  formula,  then 
the  general  formulae  for  the  neutral  and  acid  salts  as  above 
given  by  Bensch,  will  become,  respectively,  CioN4Ht04  + 

2  MO,  and  C.oN*  H.  0*  +  ^^  |. 

PRODUCTS  OF  TBI  OXIDATION  OF  IHUC  AOID. 

Uric  acid  is  veiv  permanent  under  ordinary  circumstances, 
but  is  readily  oxidised  by  powerful  oxidising  agents,  such  as 
peroxide  of  lead,  peroxide  of  manganese,  peimanganate  of 
potash,  and  nitric  acid. 

1.  OxidaHan  of  urte  add  fy  vercaide  of  lead, — If  uric  acid 
be  mixed  with  twenty  parts  of  Wling  water,  and  peroxide  of 
lead  added  in  small  portions  to  the  liquid  kept  boiling,  the 
brown  colour  of  the  oxi^e  disappears,  and  a  heavy  white 
powder  is  formed.  When  we  have  added  about  two  parts  of 
the  oxide  for  one  of  uric  acid,  or,  at  all  events,  when  the  oxide 
begins  not  to  lose  its  brown  colour,  the  hot  liquid  is  to  be  fil- 
tered, and  on  cooling  it  deposits  a  number  of  hard  brilliant 
white  crystals,  of  which  more  are  obtained  on  evaporation. 
The  mother  liquid  at  last  crystallises  in  a  mass  of  very  soluble 
prismatic  crystals.  These  last  are  pure  urea :  the  first  crystals 
are  Allantoine,  and  the  powder  is  oxalate  of  lead,  mixed  with  a 
little  carbonate,  and  witn  the  excess  of  peroxide.    Hence,  the 
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products  of  this  oxidation  are,  Urea,  Allantoine,  and  Oxalic 
Acid.  After  describing  allantoine,  we  shall  be  able  to  explain 
the  reaction. 

Allantaine.''-C<  Na  Ha  0..— Stn.  Allantoic  ^cii.— This 
body  was  first  observed  in  the  allantoic  fluid  of  the  fetal  cal^ 
which  is,  in  fact,  the  nrine  of  the  fetal  animal.  When  this 
fluid  is  evaporated,  it  deposits  ciystals  of  allantoine,  formerly 
called  allantoic  acid,  which^  however,  is  not  an  acid.  Its  occar« 
rence  in  the  allantoic  fluid — ^that  is,  as  an  ingredient  in  urine — 
and  its  artificial  production  from  uric  acid  by  a  process  of  oxi- 
dation, are  facts  of  very  great  interest  when  viewed  in  con- 
nection. It  is  best  obtained  from  uric  acid,  as  above  described. 
It  is  a  very  indifferent,  or  neutral  substance,  and  forms  few 
compounds ;  only  one,  with  oxide  of  silver,  has  been  described, 
the  formula  of  which  is  Ca  N*  Hs  Os  +  Ag  0  =  2  eq.  allan- 
toine,  minus  I  eq.  water,  and  plus  1  eq.  oxide  of  silver. 

When  boiled  with  alkalies,  it  is  resolved  into  ammonia 
which  escapes,  and  oxalic  acid  which  combines  with  the  alkali. 
In  fact,  botn  allantoine,  C4N9  -fHjOs,  and  oxalate  of  am- 
monia, Ct  Os  -)-  N  Hi,  may  be  represented  as  formed  of  cya- 
nogen and  water,  and  it  is  obvious  that  the  addition  of  3  eq. 
of  water,  to  1  eq.  of  allantoine  gives  C«  N«  +  H«  0«  =  2 

(CaO.+NHa). 

We  can  now  explain  the  formation  of  allantoine. 
1  eq.  Uric  add         .         .'       •        .        *        .    =:Cio  N4  H4  0« 
and  S^Uter      .        .     H.  O.  I^'  ^-=  ^»  ^- 

Together i=:Cio  N4  H?  On 

Are  equal  to  1  eq  urea =rCa    Na  H4  Oa 

2  eq.  oxalic  acid        .         ...    =€4  O 

1  eq.  allantoine     ....    =C4    Na  Hs  0% 

Together =GioN4HvOii 

Or,  in  the  form  of  an  equation, 
CioN4H4  0e  +  09  +  HaOa=CaNaH4  0a+2Ca03+C4NaHs08. 

That  allantoine  is  closely  related  to  uric  acid  and  urea  fur- 
ther appears  from  the  fact,  that  I  eq.  uric  acid,  I  eq.  urea,  and 
1  eq.  water,  added  together,  are  exactly  equtd  to  the  sum  of 
3  eq.  allantoine.  Ci  0  N«  H«  O0  -)-  C*  N»  H4  0«  +  H  0  = 
Ci ,  No  Hs  O9  =  3  (C4  N»  H,0,). 
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2.  Oxidatum  of  unc acidly perosnde of mati^fo^ 
performed  much  as  the  precedmg,  and  there  appear  to  be  pro- 
duced compounds,  partly  the  same  as  those  irom  p|eroxiae  of 
lead,  partly  different.  Of  the  latter,  one  at  least  is  crystal- 
lisable,  but  has  not  been  sufficiently  examined.  The  subject 
requires  investigation. 

3.  By  permanganate  of  potash, — In  this  oxidation  also,  some 
products  appear,  which  are  obtained  by  peroxide  of  lead,  such 
as  urea ;  and,  in  some  forms  of  the  experiment  at  all  events, 
oxalic  acid ;  but  I  have  also  observed  the  formation  of  a  new 
add,  containing  nitrogen,  the  precise  nature  and  composition 
of  which  is  not  yet  ascertained. 

4.  By  nitric  add. — This  mode  of  oxidation  of  uric  acid  has 
been  minutely  studied  by  Liebig  and  Wohler,  and  they  have 
shown  that  it  jdelds  a  very  lai^e  number  of  new  and  important 
products,  among  which  is  a^in  found  urea,  and  also,  under 
certain  circumstances,  oxahc  acid.  The  changes  are  best 
traced  when  colourless  nitric  acid  of  a  considerable  concen- 
tration, of  Sp.  G.  1*45  for  example,  is  employed. 

1.  Alloxan* — When  uric  acid  is  added,  in  small  portions,  to 
this  acid,  it  is  dissolved  with  a  gentle  and  uniform  efferves- 
cence, due  to  the  escape  of  pure  carbonic  acid  and  nitrogen 
gases,  without  any  trace  of  the  red  vapours  of  nitrous  acid. 
Heat  is  also  developed,  so  that  no  external  heat  is  required, 
and  it  may  even  be  necessary  to  moderate  the  reaction  by 
placing  the  vessel  in  cold  water. .  If  too  much  uric  acid  l>6 
added  at  once,  or  if  the  mixture  be  allowed  to  get  too  hot,  a 
violent  reaction  ensues,  accompanied  by  copious  red  fumes, 
after  which  the  experiment  cannot  succeed,  and  must  be 
recommenced  with  nresh  materials.  The  presence  of  a  trace 
of  the  colouring  matter  of  the  urine  infallibly  causes  this  vio- 
lent reaction,  even  with  a  much  weaker  nitric  acid,  and  thus 
prevents  us  from  obtaining  the  desired  result,  even  to  a  small 
extent.  In  all  these  cases,  the  whole  seems  to  be  converted 
into  oxalate  and  carbonate  of  ammonia.  When  the  operation 
is  properly  managed,  and  a  little  practice  makes  it  qmte  easy, 
there  appear,  in  the  warm  liquid,  after  a  certain  quantity  ot 
uric  acid  has  been  dissolved,  granular  crystals  of  the  new  com- 
pound, alloxan.  If  more  uric  acid  be  added,  it  is  still  decom- 
posed, and  when  the  warm  liquid  (at  about  120^^  contains  a 
great  many  crystals,  it  is  allowed  to  cool,  when  uie  quantity 
of  crystals  greatly  increases.  They  are  now  tiirown  on  a  ^ter 
stopped  with  aslNSstus,  and  when  thev have  drained^lke  acid 
liquor  still  in  their  fores  is  ^Usplaced  by  a  little  ice-cdid  water, 
which  is  added  till  tne  droppings  have  only  a  slight  acid  taste. 
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The  cryvtals  ue  now  dissolved  on  the  fannel  with  water'  at 
190*,  and  the  filtered  solution  evaporated  at  that  or  even  a 
lower  temperatare,  till,  on  being  set  aside,  it  deposits  lane 
tnuMparent  crystals  of  hydrated  alloxan,  which  are  chemically 
pure.  The  mother  liqnid  of  these  crystals,  being  gently  eva- 
porated, yields  more,  and  the  final  mother  liquid,  which  is 
now  rather  add,  from  nitric  acid,  is  added  to  the  original  add  « 
mother  liouor,  to  be  used  for  other  purposes.  By  the  above 
process,  I  nave  constantly  obtained,  without  difiiculty,  upwardi 
of  from  90  to  105  parts  of  hydrated  aUoscan,  quite  pure,  from  100 
of  uric  add,  besides  what  remains  in  the  mother  liquid,  and 
cannot  be  extracted  in  that  form.  Not  more  than  2  ox.  or 
3  oz.  of  nitric  acid  ^should  be  used  in  one  operation,  and  this 
quantity  will  decompose  i^ut  one-third  of  its  weight  of  uric 
acid,  or  more. 

The  ctystals  of  hydrated  alloxan,  when  heated  to  212«  loee 
about  27  per  cent,  of  water,  s=  6  eq.  The  drv  or  anhydrous 
aUoxan,  which  may  also  be  obtained  in  crystals  when  a  satu- 
rated solution  is  evaporated  in  a  warm  place,  is  composed  of 
Ce  Nf  H«Oi  0,  which  explains  its  formation  from  uric  add ; 
forCi o  N«  H4  Od  +  0*  +  H4  O4  3=  C.  N.  H4  Oio  +  C>N. 
H«  Oa :  that  is,  uric  acid,  phu  2  eq.  oxygen  and  4  eq.  water, 
3rields  1  eq.  alloxan  and  1  eq.  urea. 

The  urea,  when  formed,  is  in  contact  with  hypenitrons  add 
(derived  from  nitric  acid  by  the  separation  of  2  eq.  oxygen), 
and  is  immediately  decomposed  by  it,  yielding  oxide  of  ammo- 
nium, which  combines  with  some  free  nitric  acid,  carbonic 
add,  and  nitrogen,  which  two  last  escape  as  gases.  C-t  N«  H4 
0.  -h  N  O.  =  N  H4,  0  +  2  C  0»  -h  N».  At  the  end  of  the 
operation,  therefore,  the  add  lii^uid,  which  has  depodted 
crystals  of  alloxan,  contains  nothmg  but  alloxan,  niUtite  of 
ammonia,  and  free  nitric  acid.  We  may  therefore  eamress 
the  final  result  as  follows :  Ci  0  N4  H4  Oe  +  2  (H  O,  N  Os) 
-h2H0==CsN,  H4  0,o-|-(NH4  0,NO«)-|-2CO.+N«. 

Alloxan  is  very  soluble  in  water,  also  in  alcohol.  Its  solu- 
tion stains  the  skin  pink,  and  gives  to  it  a  heavy  sickly  odour. 
Its  taste  is  peculiar  and  almost  addulous ;  but,  although  it 
reddens  litmus,  it  has  not  the  chemical  characters  of  an  add. 
It  is  a  very  remarkable  substance,  from  the  numerous  trans- 
formations which  it  undergoes,  when  subjected  to  the  action 
of  different  re-agents. 

By  the  action  of  soluble  fixed  alkalies,  it  is  converted  into  a 
powerful  acid,  aUoscanic  acid:  by  the  action  of  ammonia  it 
yields  another  add,  mykomelinie  acid;  boiled  with  peroxide  of 
lead,  it  is  converted  into  urea  and  catrhfmic  add;  by  boilsig 
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with  nitric 


nitric  acid  it  is  chan^  into  a  new  and  nowerfa)  acid, 
parabame  add;  by  the  action  of  sulphuretted  hydrogen  and 
other  deoxidising  afents,  it  3rields  a  new  compound  iUlomut- 
tine;  with  hydrosulpharet  of  ammonia  it  gires  a  new  salt 
called  diaiurate  tf  a/mmmia;  with  solphnroas  add  it  com- 
bines, forming  a  compound  acid,  aUoxano-mdphiuromB  acid : 
and  wiUi  sulphite  of  ammonia  it  forms  another  new  salt 
called  tkiomirate  cf  ammonia.  Such  are  the  compounds  formed 
by  the  direct  action  of  re-agents  on  alloxan ;  but  many  others 
are  produced  by  the  action  of  re-agents  on  these,  singly  or 
jointly.  Thus,  when  alloxan  and  alloxantine  are  both  present 
m  a  hot  solution,  ammonia  causes  the  development  of  a  deep 
purple  colour,  and  the  deposition,  on  cooling,  of  the  gold  green 
cry^s  of  mureseide;  acids  acting  on  thionurate  of  ammonia 
produce  thianuHc  actd,  vramUe,  and  uramUie  acid;  acids 
acting  on  murexide,  produce  murexan;  acids  acting  on  a  dia- 
iurate of  ammonia  separate  diaiurie  add;  ammonia,  acting  on 
parabanic  acid,  converts  it  into  a  new  acid,  oxcUurie  acid;  and 
oy  the  action  of  heat  on  alloxanate  of  baryta  another  new  acid, 
mesoMiHc  acid,  is  produced.  AUoxanic  acid,  when  heated, 
yields  Uueoturie  acid  and  difluan;  and  alloxantine  when 
Denied  with  hydrochloric  acid  yields  oliiuric  and  dUUurie  acids. 
We  shall  endeavour  briefly  to  trace  the  formation  and  the 
relations  of  these  remarkable  products. 

2.  AUoxanie  ilcM^.^Its  formula  C.  N.  H.  0.  +  2 H  0.  It 
is  therefore  isomeric  with  alloxan,  and  differs  from  it  in  this, 
that  2  eq.  water  have  become  basic,  and  replaceable  by  me- 
tallic oxides.  It  is  a  bibasic  acid.  It  is  formed  when  solution 
of  alloxan  is  mixed  with  barytic  water,  as  Ions;  as  the  white 
precipitate  first  formed  redissolves  with  a  gentle  heat.  When  it 
begins  to  be  permanent,  a  drop  or  two  of  alloxan  is  added  to 
clear  all  up ;  and  on  cooling,  alloxanate  of  baryta  is  deposited 
in^umall  white  crystals.  From  this  salt  the  acid  is  obtained 
by  adding  sulphuric  acid,  so  as  to  separate  all  the  baryta.  The 
acid  solution  on  evaporating  vields  ciystals  of  alloxanic  acid. 
The  acid,  when  neutraliBed  oy  ammonia,  forms,  with  nitrate 
of  silver,  a  white  precipitate,  which,  when  boiled,  becomes 
y^ellow,  and  is  reduced  with  eflfervesoence.  When  the  solu- 
tions of  its  salts,  with  bai^,  lime,  and  strontia,  are  boiled 
they  become  turbid,  depositing  carbonates,  while  urea  and  a 
mesoxalate  remain  dissolved.  The  formula  of  the  neutral 
alloxanates  is  Cs  N»  H«  Os,  2M0  +aq. ;  that  of  the  acid 

saltsisC.N.H.cJf^l*.      ' 

Schliepec  has  lately  studied  the  salts  of  alloxanic  acid,  and 
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has  oonfinned  the  view  aboTe  ^ven.  But  he  has  also 
examined  the  products  of  decomposition  of  this  acid,  which  are 
remarkable. 

When  a  soktion  of  alloxanic  acid  is  boiled  to  dryness  and 
pretty  strongly  heated  in  a  capsnle,  carbonic  acid  is  given  off, 
and,  when  at  last  the  residae  ceases  to  jdeld  any  gas,  and 
flows  smoothly,  the  addition  of  water  causes  the  separation  of 
a  crvstalline  powder  in  small  quantity  which  is  leucoturieadd/ 
while  the  liquid  contains  a  neutral  body,  dijluan, 

3.  Leuccturic  Acid  is  white  and  CTystalline.  spaiindy 
soluble,  and  not  decomposed  by  nitric  acid.  It  is  oissolved  by 
ammonia,  with  which  it  forms  a  crystallisable  salt,  and  by 
potash,  which,  however,  soon  transfonns  it  into  oxalic  acid 
and  ammonia.  Its  composition  is  Co  N«  Hs  0«=Ce  N«  Ht 
Os  +H  0.  It  contains  the  elements  of  2  eq.  (nranogen  C«  N«, 
1  eq.  oxalic  acid  C«  Oa,  and  3  eq.  water.  Ha  0»,  With  3 
more  eqs.  of  water,  it  is  resolved,  when  acted  on  by  potash,  into 
oxalic  acid  and  ammonia. 

CeN«H.Oe  +  8HO=2(NH8)  +  3(CaOt). 

4.  Difluanf  the  more  soluble  product  of  the  decomposition  of 
alloxamc  acid,  is  precipitated  from  the  aqueous  solution  by 
absolute  alcohol  as  a  flocculent  mass,  which  in  vacuo  dries  up 
to  a  light  bulky  white  powder,  which,  when  exposed  to  the 
air,  very  rapidly  deliquesces ;  hence  its  name.  It  is  an  indif- 
ferent body,  which  is  dissolved  by  potash,  and  rapidly  decom- 
posed in  contact  with  that  base.  Its  composition  is,  C«  Ns 
H4  Ot,  thus  containing  1  e^.  of  hvdro^n  more,  and  1  eq.  of 
oxygen  less,  than  leucoturic  acid.  When  it  is  resolved  into  oulic 
acid  and  ammonia,  oxygen  is  probably  absorbed  from  the  air, 
unless  hydrogen  be  given  off,  or  some  other  new  product  formed. 
Thus  C.  N.  H4  0.  -h  2  H  0  +  Ot=  3  (C.  O3)  +  2  (N  H.). 
This  reaction  has  not  been  fully  studied ;  but  oxslic  acid  and 
ammonia  are  certainly  produced. 

Schlieper  has  observed  a  third  product,  along  with  leucoturic 
acid  and  difluan,  which  appears  to  contain  I  eq.  of  hydrogen 
more  and  I  eq  of  oxygen  less,  than  difluan.  This,  however, 
is  not  established,  from  the  small  amount  of  the  substance 
obtained.  The  three  formulse  exhibit  the  inverse  variations  in 
the  hydrogen  and  oxygen. 

Leucoturic  acid  .        .        •    C«  Na  Hs  0« 

Difluan Co  N4  H4  Oa 

The  third  product       .        .        .    Co  N«  Ha  O4 
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The  formation  of  lencottiric  acid  and  of  diflnan  from 
alloxanic  acid  is  very  simple. 

1  eq.  leaootnric  acid        •        .     .  C«  Na  Hs  0« 

1  eq.  difluan       .         .        .         .  Ce  Na  H4  0« 

4  eq.  carbonic  acid .        .         •    ,  €«  Os 

1  eq.  crater        ....  HO 

2  eq.  aUozanic  acid         •        .     .     Cie  N*  Hs  Oao 

5.  Hydurilic  Acid. — In  the  preparation  of  alloxan,  Schleiper, 
on  one  occasion  obtained  a  new  IkkIv,  which  proved  to  be  the 
ammonia  salt  of  a  new  acid,  hydariuc  acid,  Ci  *  Nj  Hs  Oi  i. 
It  is  a  bibasic  acid,  =  Cia  Na  Hs  0»+2  H  0.  It  forms 
minute  white  prisms,  sparingly  soluble  in  cold  water.  It  may 
be  viewed  as  a  compound  of  water  and  uryle  (Ca  Ns  O^),  for 
3  (C«  Ns  00  -f  10  H  0  =  2  (C. ,  Ns  Hs  On).    Hence  its 


It  is  evidently  formed  by  an  incomplete  oxidation  of  uric 
add,  but  Schlieper  was  not  able  to  reproduce  it. 

With  nitric  acid,  it  jrields  a  new  add,  Nitrohydurilic  add, 
of  very  similar  external  character,  the  empirical  formula  of 
which  seems  tobe,Ce  Ns  Ht  0i4.    This  is  equal  to 

1  eq.  Uiyle Ca  Na         O4 

1  eq.  Nitric  Acid N          Os 

3  eq.  Oxygen         .        •        •         .        .  Os 

2  eq.  Water      ......  Ha  Oa 

Ca  Ns  Ha  Oxa 
And  it  is  formed  from 

2  eq.  Hydurilic  Add  (anhjdroos)  .    Cb4  N«  Ha  Oia 

3  eq.  Nitric  Acid Ns         Oi» 

9  eq.  Oxygen Os 

3  eq.  Nitrohydnrilic  Add  .         •     ,    Ca4  N»  He  04a 

Schlieper  has  further  detected,  in  the  same  operation,  in 
which  he  observed  the  hvdnrilic  acid,  another  new  acid,  of 
which,  however,  little  is  Known.  Its  empirical  formula  was 
found  to  be,  Ci  o  Nt  Hs  Os.    It  has  not  been  named. 

6.  MeBoakUie  Acid, — Obtained,  in  combimition  with  baryta, 
by  boiling  aUoxanate  of  baryta;  or  combined  with  oxide  of  lead, 
by  adding  alloxan  in  solution,  to  a  boiling  solution  of  acetate 
of  lead.    Hie  baryta  salt  is  pale  yellow,  and  sparingly  soluble ; 

the  lead  salt  white  and  insoluble.  The  former  isCsO«<  ^  q 
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the  latter  C«  0«,  2  Pb  O.  The  add  may  be  obtained  from 
either  of  these  salts ;  it  crystallises,  is  very  sour,  and  is  pro- 
bably bibasic^  and  has,  also  probably,  the  formula  C  j  O4,  2H0. 
In  that  oase,  the  anhydrous  acid  is  reiy  rramrkable  as  a  new 
compound  of  carbon  and  oxygen,  of  the  same  class  as  mellitic 
and  oxalic  acids;  hence  the  name.  It  is  charaqlerised  by 
forming,  when  neutralised  by  ammonia  with  nitrate  of  sUver, 
a  yellow  precipitate,  which,  when  heated,  is  reduced  with 
bnjsk  effervescence.  This  if  evidently  the  cause  of  the  reaction 
of  alloxanic  acid,  above  mentionea,  with  nitrate  of  olvw. 
Mesoxalic  acid  deserves  and  requires  a  very  careful  investi^ 
tion.  Its  formation  from  aUoxan  or  alloxanic  acid,  if  its 
formula  be  Cj  0«,  is  very  easily  explained :  for  1  eq.  alloxan^ 
minus  I  eq.  urea,  gives  2  eq.  mesoxalic  acid.  Cs  Ns  H4  Ot  o 
-  Ca  N,  H4  0.  =  Ce  Os  =  2C,  O4. 

7.  Myiamelinie  Acid—CB  N4  Hs  Os.— is  formed  when 
ammonia  acts  on  solution  of  alloxan  ;  when  a  yellowish  gelar 
tinous  precipitate  of  mykomelinate  of  ammonia  soon  appears. 
This  boiled  with  dilute  sulphuric  acid  yields  a  similar  yel- 
lowish precipitate,  which,  when  dry,  forms  a  powder  spa- 
ringly soluble  in  cold,  more  readily  in  hot,  water.  It  is 
decidedly  acid.  It  is  formed  of  the  acid  by  the  reaction  of 
2  ea.  of  ammonia  on  1  eq.alloxan.  Cs  Ns  H4  Oi  0  -|-  2  N  Ha  =1 
Cs  N  4  Hs  0&  +  6  H  0.  It  would  appear  to  differ  from  allan- 
toine,  only  by  I  eq  of  water ;  for  2  eq.  of  aUantoine  are  Ca 
N4H.0;. 

8.  Parabanic  Acid—C^  Na  O4  -|-  2  HQ— is  formed  when 
alloxan  or  uric  acid  is  heated  with  an  excess  of  nitric  acid,  and 
the  solution  concentrated  until  on  cooling  it  forms  a  soft  crystal- 
line mass.  This  is  dried  on  a  tile,  and  the  dry  crystals  are 
purified  by  solution  in  hot  water,  filtration,  and  recrystallisation. 
A  laige  quantity  of  parabanic  acid  may  easily  be  obtained  from 
the  acid  mother  liquors  of 'alloxan.  'When  pure,  the  add  is 
beautifully  white  and  crystallised,  very  add,  and  very  soluble. 
It  is  characterised  by  its  great  permanence  in  the  free  state,  for 
it  may  be  boiled  with  nitric  acid,  as  its  preparation  shows,  afid 
at  the  same  time  by  its  extreme  nroneness  to  chan^  in  oontftcl 
with  bases.  Thus,  if  neutralised  with  ammonia  m  the  waim 
solution,  it  deposits,  on  cooling,  a  crystallised  salt,  which  ii 
oxalurate  of  ammonia.  The  same  diange  takes  place  with  all 
bases  except  oxide  of  silver,  so  that  the  parabanate  of  silver  is 
the  only  ssdt  of  this  very  powerful  and  remarkable  add  which 
can  be  obtained.  To  be  converted  into  oxaluric  add,  parabinic 
add  only  requires  3  eq.  of  water.  The  production  of  parabanic 
add  is  vety  simple.    I,  From  uric  add.  Cio  N4  B.*  0«  -h  0« 
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+  H«  0.  =  Ca  Na  H*  0,  +  2CO«  +  C«  Na  O*,  2H0 
2.  From  alloxan.  Ce  N  .  H4  0>o  +  Oa  =  2CO>  + 2H0 +C« 
Ns  04,  2  HO. 

9.  OasaluHe  Addy—C.  Na  H.  Of  +  HO.^Formed  by  the 
action  of  bases  on  parabanic  acid.  C«  Na  O4  +  KO  +  3  HO 
=  Ce  N«  Ha  O7,  KO.  The  add  is  obtained  by  adding  dilute 
solphuric  acid  to  a  hot  aatorated  solution  of  oxalorate  oiammo** 
nifty  prepared  by  the  action  of  ammonia  on  parabanic  acid.  On 
cooling,  the  oxaluric  acid  is  deposited  as  a  heayy  white  powder, 
When  long  boiled  in  water,  it  is  decomposed  into  oxalate  of 
urea  and  nee  oxalic  add.  In  fact,  it  contains  the  elements  of 
2  ea,  oxalic  acid  and  1  eq.  nrea.  2C0Os  +  C«N»H40t  ss 
Ce  Na  Ha  0»9  HO.  It  is  also  characterised  by  forming  with 
oxide  of  silver  a  white  salt,  which  dissolves  in  hot  water,  and 
ciystaUises  beautifully  on  cooling. 

The  osDoiurate  of  ammonta—sm^  0  +  C«  N.  H«  0«— is 
formed  whenever  a  solution  of  alloxan,  or  alloxantine  in  water^ 
or  of  uric  add  in  nitric  add,  is  evaporated  with  excess  of  anmio- 
nia^  and  where  colouring  matter  is  present,  as  when  ammonia 
is  made  to  act  on  the  acid  in  the  mother  .liquors  of  alloxan,  the 
oxalurate  is  often  deposited  in  radiated  hemispherical  concre- 
tions, which  sometimes  attain  the  size  of  an  inch  or  two  in 
diameter,  and  axe  veiy  hard.  MHien  decolorised  by  animal  diar- 
coal,  it  forms  small,  soft,  flexible  needles.  I  have  found  that 
this  salt,  when  exposed  to  heat  in  a  retort,  yields  ammonia^ 
hydrocyanic  add,  and  much  oxamide,  besides  water,  and  perhaps 
other  products,  while  a  dark  residue  is  left. 

10.  Tkionuric  Acid^-C%  N>  H7  S>  O. «  =  (Ct  N«  H«  O., 
280*)  +2  HO — ^is  formed  when  sulphite  of  ammonia,  wiUi 
excess  of  base,  is  added  to  solution  of  alloxan,  and  the  whole 
boiled  for  a  few  minutes,  or  until  crystals  appear  in  the  hot 
liquid.  On  cooling  it  forms  a  semi-solid  mass,  nrom  the  separa- 
tion of  a  larse  quantity  of  thionurate  of  ammonia  in  beautiful 
silvery  ciystus,  which  are  to  be  washed  with  cold  water,  and 
dried  on  a  tile.  From  this  salt  thionurate  of  lead  is  prepared, 
and  this,  being  decomposed  bv  sulphuric  add,  yields  thionuric 
add.  The  add  is  crystallisable,  but  very  soluble.  It  is  bibasic, 
and  contains  the  elements  of  I  eq.  alloxan,  I  eq.  ammonia,  and 
2  eq.  sulphurous  acid,  not  however  as  such,  for  the  elements  of 
2  eq.  water  have  assumed  the  basic  form. 

Its  most  striking  character  is,  that  when  its  solution  is  heated 
it  becomes  turbid  from  the  denodtion  of  a  new  compound, 
nzamile,  and  in  the  liquid  $id]^vinc  add  may  now  be  found, 
which  was  not  previously  present.  C  N*HsOs  +  230'^ 
Ct  N«  Hs  Oe  +  2  SOj  ;  so  that  the  snlphnreps  iSdd  obtains 
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oxyffen  from  the  rest  of  the  acid,  and  becomes  solpharic  add, 
leaving  nramile,  Gs  Ns  Hs  Oa. 

ThumuratecfAmmmior^C  Nj  Ha  Os,  2  SOs)  +  2  NH4 
0  +  2  aq. — is  formed  as  above-described.  When  its  solution 
is  mixed  with  1  eq.  of  hydrochloric  acid,  half  the  ammonia  is 
removed,  and  by  evaporation  we  obtain  aeidthicnwale  of  ammo- 
nia in  minnte  silky  needles.  Bat  when  the  hot  solution  of 
thionurate  of  ammonia  is  mixed  with  an  excess  of  acid,  the 
thionuric  acid  is  set  free  and  instantly  decomposed,  nramile 
being  deposited.    little  is  known  of  the  other  thionurates. 

11.  t^YHfitfeyCsNsHsOs. — Its  formation  has  been  described 
above.  It  occurs  either  as  a  crystalline  powder,  or  in  dendritic 
or  feathery  crystallisations,  of  very  beautiful  aspect.  It  dis- 
solves in  ammonia  and  notash,  and  the  solution  absorbs  oxygen ; 
becoming  purple,  and  aepositing  green  crvstals  of  murexide,  or 
of  potassium-murexide.  When  lx>ued  witn  peroxide  of  mercniy, 
and  a  vei^  little  ammonia,  it  is  also  converted  into  murexide. 
Boiled  with  caustic  potash,  or  with  dilute  acids,  it  is  said  to 
jdeld  unimilic  acid. — Nitric  acid  re-converts  it  into  alloxan. 

12.  UramUic  Aeid^ — Obtained,  by  Liebig  and  Wohler^  by 
evaporating  acid  thionurate  of  ammonia,  or  uramile,  with  dilute 
sulphuric  acid ;  also,  it  is  said,  by  boiling  uramile  with  potash. 
It  appeared  to  these  chemists  as  fine  pnsms,  very  soluble  in 
water,  audits  analysisindicated  the  formula  Ci«  Ns  Hto  On  ; 
which  might  be  derived  from  2  eq.  uramile  by  the  loss  of  1  eq. 
ammonia,  and  the  addition  of  3  eo.  water.  2  (C«  N*  H«  0«) 
+  2H0  — NH3  =CisNs  HioOi*.  But  this  acid  has  not 
bieen  again  obtained,  and  its  existence  is  still  doubtful. 

13.  AUoxafOine,  Cs  N«  H  c  0 1 0. — Obtained  in  hurge  quantity 
by  diluting  the  acid  mother  liquid  of  alloxan  with  3  or  4  parts 
of  water,  and  passing  a  current  of  sulphuretted  hydrogen  through 
it.  In  a  short  time  sulphur  is  deposited,  and  then  wmte  ciyatals 
of  alloxantine.  When  a  large  quantity  has  formed,  it  is  col- 
lected with  the  sulphur,  on  a  filter,  washed  with  a  little  oold 
water,  and  the  filter  with  its  contents  then  boiled  with  a  large 
quantity  of  water.  The  solution  filtei'ed  while  hot  and  with  the 
addition  of  a  few  drops  of  hydrochloric  acid,  deposits,  on  cooling, 
a  large  crop  of  pure  crystals  of  alloxantine.  The  acid  liquid, 
filtered  from  the  ifirst  deposit,  often,  on  standing  a  da^  or  two, 
deposits  a  large  additional  quantity  of  alloxantine.  This  idw»vs 
happens,  if  too  much  sulphuretted  hydrogen  has  been  used ;  tot 
that  converts  the  alloxantine  partially  into  dialuric  acid,  whidi 
is  more  soluble,  but  by  absorbing  oxygen  from  the  air,  is  recon- 
verted into  alloxantine,  and  thus  deposited. 

Alloxantine  may  also  be  obtained  oy  deoxidising  a  pure  sola- 
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tion  of  alloxan^  either  bj  snlphiiretted  hydrogen,  or  bj  other  de- 
oxidising agents  ;  or  by  heating  a  solation  of  alloxan  to  the  boil- 
ing point,  either  by  itself  or  with  the  addition  of  dilute  mineral 
acids,  when  alloxantine  is  formed  and  deposited  on  cooling. 
But  the  process  above  given  for  converting  into  alloxantine 
the  alloxan  of  the  acid  mother  li(juor,  which  cannot  be  purified 
by  ciystaUisation,  is  so  productive,  and  yields  alloxantine  so 
pure,  that,  if  we  have  to  prepare  alloxan,  we  need  never  be  at 
a  loss  for  alloxantine. 

The  formation  of  alloxantine  from  alloxan  by  tulphuretted 
hydrogen  is  easily  en>lained,  for  these  compoundCs  only  differ  by 

1  eq.  hydrogen,  which  the  alloxan  takes  from  sulphuretted  hydro- 
gen. Oxidising  agents,  by  converting  this  hydrogen  into  water, 
readily  reconvert  alloxantme  into  alloxan .  CsIfsHcOio-hO 
=  HO-f  CaN,H40.o. 

Alloxantine  fonns  white,  hard,  brilliant  crystals,  which  never 
exceed  a  certain  small  size.  It  is  very  sparingly  soluble  in  cold 
water,  much  more  so  in  hot  water.  Its  solution  is  characterised 
hy  giving  with  solution  of  baryta  a  deep  violet  precipitate,  which 
witn  excess  of  baryta,  changes  to  white ;  and  by  instantly  reduc- 
ing nitrate  of  silver,  forming  a  black  powder  of  silver,  the  allox- 
antine passing  into  alloxan,  or  oxaluric  acid.  The  ciystals  of 
alloxantine,  heated  to  300°,  lose  3  eq.  of  water. 

In  the  preparation  of  alloxan,  it  is  necessary,  as  has  been 
stated,  to  oe  very  careful  that  the  first  solution  of  the  crystals 
formed  in  the  nitric  acid  should  not  be  heated  too  strongly,  be- 
cause, as  this  solution  contains  free  nitric  acid,  alloxantine  is 
formed  at  a  certain  temperature ;  and  besides,  even  a  pure 
solution  of  alloxan,  if  boiled,  is  |)artly  converted  into  alloxan- 
tine. The  action  of  diluted  nitnc  and  other  minend  acids  on 
alloxan  is  to  produce^  from  2  eq.  alloxan,  1  eq.  alloxantine,  3 
eq.  oxalic  add,  1  eq.  ammonia,  and  1  eq.  cyanic  acid,  the  latter, 
with  3  eq.  water,  producing  bicarbonate  of  ammonia.  When 
solution  of  alloxan  is  boiled  alone,  it  is  converted  into  alloxan- 
tine, parabanic  acid,  and  carbonic  acid.    3  (Ca  Ns  H4  O  i  o)  = 

2  (Cb  Na  H5  0, 0)  -h  C*  N,  H.  0.  -f-  2  CO.. 

in  all  these,  or  in  similar  cases,  the  presence  and  the  relative 
proportion  of  alloxantine  contained  in  alloxan  at  any  period, 
may  be  judged  of  hy  the  colour  of  the  precipitate  formed  in 
banrta.  If  pure  white,  no  alloxantine  is  present :  if  sliffhtly 
pink,  it  is  present  in  small  quantity ;  if  deep  violet,  afi,  or 
nearly  all,  the  alloxan  has  been  converted  into  alloxantine. 

It  IS  when  both  alloxan  and  alloxantine  are  present,  that  the 
addition  of  ammonia  produces  the  deep  purple  colour,  and  the 
green  ciystals  of  murexide.   When  aTnT'OP'i-  acta  on  alloxantine 
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alone,  it  gives  rise  to  uramile,  and,  finally,  to  oxalnrate  of 
ammonia. 

One  most  remarkable  change  which  alloxantine  undergoes  is 
that  caused  by  the  further  action  of  sulphuretted  hydrogen.  If 
that  gas  be  passed  through  a  hot  solution  of  alloxantine  sulphur 
is  precipitated,  and  an  acid  liquid  is  obtained,  which,  if  neutra- 
lised by  carbonate  of  ammonia,  forms  a  salt  in  soft  white  silky 
crystals,  the  dialurate  of  ammonia.  Alloxantine,  by  the  action 
of  hydrogen,  which  removes  1  eq.  oxygen,  is  converted  into 
dialuric  acid. 

14.  Dialuric  Acid,  Cs  N«  H*  O7  +  HO  =  Ce  N.  H*  C— 
Produced  by  the  action  of  sulphuretted  hydrogen  on  alloxantine. 
Cs  N.  H»  Oi  0  +  HS=  S  -h  2 HO -h  C.N,  H4O..  Itisbest 
obtained,  in  combination  with  ammonia,  by  addii^  a  slight  excess 
of  hydrosulphuret  of  ammonia  to  a  solution  of  lujoxan  or  allox- 
antine. when  a  copious  crystalline  precipitate  appears.  This, 
when  boiled,  dissolves  in  the  liquid,  and  on  cooling  is  deposited 
in  minute  sij W  prisms,  which  are  white,  but  in  diyinf  become 
pink  or  even  deep  red.  They  should  be  washed  on  ttie  filter, 
first  with  diluted  hydrosulphuret  of  ammonia,  then  with  alco- 
hol, to  which  a  little  hydrosulphuret  has  been  added ;  and 
lastly,  with  pure  alcohol ;  and  aried  by  pressure  in  blotting- 
paper,  and  in  the  vacuum  of  the  air-pump.  They  may  thus  be 
obtained  white,  or  venr  nearl3r  so ;  and  when  once  quite  diy, 
they  are  permanent.  When  this  salt  is  dissolved  in  hot  and 
moderately  strong  hydrochloric  acid,  ciystals  of  dialuric  acid 
are  deposited  on  cooling.  These  ciystals  resemble  somewhat 
those  of  alloxantine,  but  are  larger,  and  not  so  brilliant.  Their 
solution,  and  the  crystals  themselves  under  water,  absorb  oxy- 
gen, and  are  soon  changed  into  alloxantine,  from  which  dialuric 
acid  only  differs  by  1  eq.  oxygen  and  1  eq.  water. 

Dialuric  acid  is  a  powerful  acid.  Its  salts  are  insoluble  or 
sparingly  soluble,  and  only  permanent  in  the  dry  state.  The 
dialurate  of  ammonia,  above  described,  is  the  most  interestinc. 

15.  Alituric  Acid, — This  acid  is  formed  when  alloxantine  is 
boiled  with  hydrochloric  acid,  and  was  discovered  by  Schluper. 
It  is  soluble  in  15  or  20  parts  of  hot  water,  and  is  deposited  on 
cooling  as  a  bulky  crystalline  powder.  It  is  not  altered  by 
nitric  acid.  Its  formula  is  Cs  N9  Hs  04=Ca  N>  H«  Oj-H 
H  0.  When  heated  with  potash,  ammonia  is  disengaged,  and 
the  addition  of  an  acid  causes  a  precipitate  of  a  new  body,  appa- 
rently composed  of  Cia  Ns  Hs  Gis+KO.  Such  a  body 
might  be  formed  from  3  eq.  alituric  add -1-4  eq.  oxygen -{'2  eq. 
water,  the  whole — 1  eq.  ammonia. 

16.  Dilituric  Aeid,-^TMi  is  found  in  the  liquid  obtained 
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#heii  the  preceding  acid  is  purified  from  alloxantine  b^  nitric 
acid,  in  combination  with  ammonia.  The  acid  retains  the 
ammonia  with  such  force  that  it  has  not  yet  been  obtained  in  a 
separate  fonn.  The  ammoniacal  salt  is  Ca  Ns  H  Os  +  N  H« 
O  +  HO ;  and  the  add  is  supposed  to  be  bibasic.  Cs  Na 
HO.  +  SHO. 

It  is  probably  a  conpled  acid,  for  it  contains  the  elements  of 
3  eq.  C3ranic  acid,  2  eq.  carbonic  acid,  and  3  eq.  water.  3  (Cs 
N0)+2C0. -|-3H0  =  CeN.  HaOio.  The  silver  salt 
explodes  when  heated,  which  is  rather  favourable  to  this  view. 

17.  Murexide.  Syn.  Pwrpuraie  of  AtMnonia. — Formed,  as 
already  mentioned,  when  ammonia  acts  on  a  solution  contiun- 
iiu^  both  alloxan  and  alloxantine,  which  explains  its  production 
when  ammonia  is  added  to  the  solution  of  uric  acid  in  ^lute 
nitric  acid,  after  evaporation  to  a  certain  extent :  also,  when 
uramile  or  murexan  is  boiled,  with  red  oxide  of  mercury  or 
oxide  of  silver,  in  water,  wiUi  a  few  drops  of  ammonia,  or 
when  uramile  or  murexan  is  dissolved  in  ammonia  and  exposed 
to  the  atmosphere ;  and  in  a  great  variety  of  circumstances 
from  all  the  preceding  compounds,  or  nearly  all  of  them. 

On  the  snoall  scale,  4  grains  of  alloxantine  and  7  grains  of 
hydiated  alloxan,  are  dissolved  together  in  \  oz.  by  measure  of 
water  by  boiling,  and  the  hot  solution  added  to  ^  oz.  by 
measure  of  a  saturated  or  nearly  saturated  solution  of  carbonate 
of  ammonia,  the  latter  beinff  cold.  This  mixture  has  exactly 
the  proper  temperature  for  the  formation  of  murexide ;  and  it 
does  not,  ovring  to  its  small  bulk,  remain  too  long  hot.  It 
instantly  becomes  intensely  purple,  while  carbonic  acid  is  ex- 
peUed  ;  and  as  soon  as  it  begins  to  cool,  the  beautiful  green 
and  metaUic-lookinff  crystals  of  murexide  appear.  As  soon  as 
the  liquid  is  cold,  these  may  be  collected,  washed  with  a  little 
cold  water,  and  dried  on  filteiing-paper.  I  have  obtained  them, 
by  the  above  process,  and  on  this  small  scale,  of  from  2  to  3 
Imes  in  length.  When  made  with  larger  quantities,  the 
ciystals  are  ^ways  smaller,  owing,  probably,  to  some  effect  of 
the  slower  cooling  of  the  larger  mass  of  Uquid,  as  continued 
heat  is  not  favourable  to  their  formation*  If  we  do  not  care 
abont  having  the  finest  crystals,  we  may  prepare  murexide  in 
huge  quantity  hj  adding  solution  of  alloxan  to  a  boiling  solu- 
tion of  alloxantine,  and  cautiously  adding  cold  solution  of 
carbonate  of  ammonia,  till  the  mixture  has  become  nearly 
black,  and  the  green  cmtals  begin  to  appear.  The  vessel 
being  removed  from  the  nre,  deposits  a  very  large  quantity  of 
mnrexide.  In  these  processes,  the  residual  liquid  is  still 
coloured,  and  is  alkaline  from  excess  of  ammonia :  if  kept,  it 
aa2 
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loses  the  red  coloar,  becomes  yellowish,  and  if  evaponted, 
yields  much  alloxanate  of  ammonia  in  crystals. 

Morexide  is  one  of  the  most  beautifal  prodncts  of  chemistry : 
the  ciystals  are  metallic  areen  by  reflected  licht,  like  the  can- 
tharides  fly  or  the  gold  beetle,  and  deep  red  by  transmitted 
light.  Their  solution  is  deep  pnrplish  red,  and  they  dissolve 
in  potash  with  the  most  splendid  purplish  blue  colour  that  can 
be  imagined ;  this,  however,  soon  disappears.  When  their 
solution  is  acted  on  by  a  dilute  mineral  acid,  it  is  decolorised, 
and  deposits  a  shining  scaly  crystalline  powder,  of  a  pale 
yellow  colour,  which  is  murexan.  The  same  compound  is 
obtained  when  acids  are  added  to  the  solution  of  murezide  in 
potash,  after  the  purple  tint  has  disappeared  on  digestion  in  a 
gentle  heat. 

The  composition  of  murexide  is  uncertain,  and  there  are 
dijQFerent  views  of  its  constitution.  According  to  some  it  is  a 
salt  of  ammonia ;  and  this  view  is  supported  by  the  &ct  that, 
with  salts  of  baryta  and  oxides  of  lead  and  silver,  it  yields 
purple  salts,  which,  according  io  Fritzsche,  contain  the  same 
acid  that  in  murexide  is  combmed  with  ammonia,  and  which 
may  be  called  purpuric  acid.  But  murexide  is  not  a  com- 
pound of  ammonia  with  the  purpuric  acid  of  Prout,  for  when 
that  body  (murexan)  is  dissolved  in  ammonia,  it  onlv  fonns 
murexide  by  absorbing  oxygen  from  the  air,  and  yields  other 
compounds  at  the  same  time.  Again,  the  action  of 
sulphuretted  hydrogen  is  inconsistent  with  the  view  of 
murexide  being  a  salt  of  ammonia,  and  in  many  of  its 
relations  it  more  resembles  a  neutral  body — such  as  a  com- 
pound of  amide.  Its  products  of  decomposition  are  very 
numerous,  and  altogether  the  subject  is  one  of  much  difficulty. 
Possibly  there  may  be  two  substances  similar  in  appearance, 
but  distinct  in  constitution  ;  one  a  salt  of  ammonia,  the  other 
an  indiflerent  body,  or  an  amidide.  The  great  discrepancy  in 
the  results  of  analysis,  as  obtained  by  Liebig  and  Wohler  on 
the  one  hand,  and  Fritische  on  the  other,  as  well  as  some 
differences  in  the  properties  ascribed  to  it  by  difierent  chemists, 
lead  to  some  such  conclusion.  The  formula  considered  by 
Liebig  and  Wohler  the  most  probable,  all  things  oonsidered, 
but  not  established,  is  C i  >  Nj  H«  0« ;  another  somewhat  less 
probable,  is  C»o  N«  Hi  o  Oi «.  Both  of  these  will  enable  us 
to  account  for  its  production  in  different  circumstances.  The 
formula  of  Fritzsche,  which  agrees  with  his  analysis,  is  Ci « 
N.  H.  0.,=NH. -hC.«  N.  H«  Oi,.  The  salt  formed 
with  nitrate  of  silver  is,  Cie  Ns  Hs  On  -h  AgO,  which 
would  exhibit  the  unusual  phenomenon  of  ^irimnwi^  instead  of 
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oxide  of  ammomiim,  being  replaced  by  oxide  of  silver ;  and 
the  baryta  oomponnd  is  Ci<i  N«  H»  O^i  +  H  0  +  Ba  0. 
Admitting  the  nninnln  of  Fritzsche  for  the  silver  and  barinm 
componnds  to  be  correct,  these  are  not  demonstrated  to  be 
salts  of  parporic  acid;  bnt  besides  this,  his  formula  for 
mnrezide  does  not  enable  ns  to  explain  its  production  in  any 
case.  In  these  circumstances,  we  shall  not  attempt  to 
explain  the  formation  of  mnrexide,  farther  than  to  point  out, 
that  it  appears  to  require  the  presence  of  a  compound  inter- 
mediate Detween  alloxan  and  alloxantine  (the  former  losing 
oxygen,  the  latter  gaining  it),  and  of  anmionia :  and  that  it  is 
not  the  only  product. 

la  Murexan.  Stn.  Purpuric  Acid,  Ca  N*  H4  O0  ?— Formed 
by  the  action  of  acids  on  murexide,  but  along  with  several  other 
products.  It  appears  as  a  shining  powder,  composed  of  scales, 
generally  pale  j^ellow,  sometimes  pale  brown,  never  auite  white. 
It  is  insoluble  in  water  or  nearly  so,  but  the  liquid  filtered  from 
it  has  always  a  peculiar  opalescent  aspect  and  play  of  colours. 
It  dissolves  in  potash  and  ammonia,  and  the  solutions  become 
purple,  by  absorbing  rapidly  oxwen  from  the  air,  and  finally 
deposit  green  crystals.  When  boued  with  peroxide  of  mercury, 
water,  and  a  little  ammonia,  it  yields  murexide.  It  dissolves 
in  oil  of  vitriol,  and  is  precipitated  unchanged  by  water.  In 
all  these  characters,  except  in  its  external  aspect,  it  coincides 
entirely  with  uramile,  and  it  is  not  impossible  that  it  may  be 
hereafter  found  to  be  uramile,  disguised  by  the  presence  of  a 
foreign  substance.  For  the  present,  however,  its  analysis  com- 
pels us  to  distinguish  it  from  uramile. 

Having  now  described  the  numerous  products  of  the  oxida- 
tion of  uric  acid  by  nitric  add,  we  are  prepared  to  understand 
the  nature  of  the  radical  supposed  to  be  common  to  most  of 
these  compounds. 

Urylb.     U1.«C«N    04:-4C0  +  2C9N. 

8tn.  C^anoxaUc  Add, — This  radical  is  unknown  in  the  sepa- 
rate form.  It  contains  the  elements  of  four  eq.  carbonic  oxide 
or  2  eq.  oxalyle  (C>  Ov),  and  2  eq.  cyanogen.  Hence  the  name 
cyanoxalic  acid.  Assuming  it  to  exist,  we  have  the  following 
series :— 


RaUonal  fomndje. 

Vuom, 

Empirical  fomraln. 

VI   +  1  eq.  ureft 

=  Uric  acid 

=    C10N4 

H4    Oe 

in   +0  +  5H0 

=  AUozanthie 

=    C%    Na 

Ha    Oio 

Ul   +09  +  4H0 

=  Alloxan 

=    Cs    Na 

H4    Oio 

Ul  +4H0 

=  Dialurie  acid 

=    C»    N> 

H4    0« 

U1.  +  10HO 

=:H7durilicadd 

=2(Ci.  Ni 

Ha    On) 
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Ratloiial  fonnulc.  KamM.  EaapbimX  iormalm^ 

^^^J^^*"*"^*  |=Nitroh7duriUcadd=  Cs    Ns        H9    Oi4 

Ul  +NHa  +  2H0   =Uniiiule  =  Cs    Ns        H«    Oa 

^^^^■■|;_2?Q   \=Thioniiricacid        =  Ca    NaH7  0i4S« 

The  ready  conversion  of  these  compounds  one  into  another 
is  a  strong  argument  for  the  existence  of  the  radical  uiyle. 
But  the  rational  formulae  ahove  given  do  not  represent  what 
we  suppose  to  be  the  actual  arrangement ;  they  only  point  out 
by  what  simple  means,  as  the  addition  or  removal  of  oxygen, 
or  ammonia,  or  water,  the  elements  of  the  new  compounds 
might  be  supplied.  The  other  derivatives  of  uric  acid  are 
probably  compounds  of  different  radicals  :  thus,  parabanic  and 
oxaluric  acids  each  contain  only  6  eq.  of  carbon,  and  cannot 
therefore  be  compounds  of  uryle. 

The  above  brief  sketch  of  the  products  derived  from  uric 
acid,  will  serve  to  show  the  inexhaustible  variety  of  new  pro- 
ducts, which  one  complex  body  m&y  vield.  Notwithstanoing 
all  that  has  been  done,  we  must  consider  this  subject  as  merely 
opened  up,  and  a  furtner  prosecution  of  it  will  infallibly  lead 
to  many  interesting  and  valuable  results. 

APPENDIX   TO  URIC   ACID. 

1 .  Uric  or  Xanthic  Oxide. — This  is  a  very  rare  ingredient  of 
urinaiy  calculi.  Its  formula  is  CsNsHaOs,  which,  taken 
double,  differs  from  uric  acid  only  bv  2  eq.  oxygen.  Hence 
its  name  of  uric  oxide.  It  is  soluble  in  potash  and  preci* 
pitated  by  acids  as  a  white  powder.  It  dissolves  in  nitric  add, 
and  the  solution  evaporated  to  dryness  leaves  a  yellow  residue ; 
hence  the  name  of  xanthic  oxide.  It  is  said  to  occur  in  small 
quantities  in  some  kinds  of  ffuano. 

2.  C^siic  Oxide,  Ca  N  H«  O4S9. — Another  very  rare  form  of 
calculus.  It  dissolves  both  in  acids  and  alkalies,  and  has  the 
characters  of  an  oi^anic  base,  forming  crystalline  compounds 
with  acids.  It  is  remarkable  from  the  laige  quantity  of 
sulphur  it  contains. 

3.  Guanine,  Ci 0 Ns  Hs  Oa. — This  compound  has  been  dis- 
covered quite  recently  in  guano  by  Unger,  who  at  first  supposed 
it  to  be  identical  with  uric  or  xanthic  oxide,  but  subsequently 
found  it  to  be  a  distinct  compound.  It  seems  to  be  a  base, 
somewhat  analogous  to  urea  ;  for  it  unites  with  hydrochloric, 
sulphuric,  and  nitric  acids,  forming  crystallisable  salts,  among 
which  are  acid  salts,  with  hydrochloric  and  nitric  acids,  a 
very  rare  phenomenon. 
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.  GhiAnine  is  a  white  powder,  inaoluble  in  water.  Like  other 
orpoic  bases,  it  fonns  a  douole  salt  when  its  hydrochlorate  is 
mixed  .with  bichloride  of  platinnnL  This  salt  crystallises  in 
fine  orange  yellow  crjrstals,  the  fonnnla  of  which  is  (CioNs 
H.  0«,  H  CI)  +  2  Pt  Ch  +  4  H  O.  It  is  remarkable  that 
gaanine  forms  no  basic  salts,  as  most  weak  bases  do,  but  only 
neutral  and  acid  salts. 

HyperwrU  Acid  (1). — This  acid  was  also  discovered  by 
linger,  who  obtained  it  by  acting  on  guanine  with  a  mixture 
of  hydrochloric  acid  and  chlorate  of  potash.  Its  formula, 
according  to  Unger's  experiments,  is  CioN^HsOs,  which 
differs  from  uric  acid  by  1  eq.  water,  and  2  eq.  oxygen  ;  hence 
the  name.  Unger  conjectures  it,  from  the  analysis  of  the 
silver  salt,  to  be  bibasic  d  o  N4  Ha  Or  +  2  H  0 ;  but  the 
want  of  material  has  prevented  him  from  fully  investigating 
this  curious  acid ;  and  he  marks  its  formula,  and  even  its  name 
as  doubtful. 

The  acid  forms  short  rhombic  prisms,  colourless,  and  of 
brilliant  lustre.  When  heated,  it  yields  hydrated  cyanic  acid, 
water,  and  a  residue  of  carbon.  This  might  occur  with  the 
formula  above  given,  for  Ci  o  N*  Hs  0»  =  4  (C.  N  0,  H  0) 
+HO  +  C.. 

XIII.  Bknzotle.     Bz=0  1 «  Ha  Os. 

This  is  the  radical  of  Benzoic  Acid,  of  oil  of  bitter  almonds, 
and  of  an  extensive  series  of  compounds.  The  radical  is  not 
yet  known  with  certainty  in  the  separate  form,  although  a 
compound  exists,  having  the  same  composition.  TSee  BemiU.) 
We  shall  describe  first  the  benzoic  acid,  and  afterwards  the 
other  compounds  derived  from,  or  connected  with  it. 

1.  Benzoic  Add.    0 1 4  Hs  Os,  H  0=Bz  O,  H  O,  or  Bz  Oa,  H. 

This  acid  is  found  in  gum  benzoin,  mixed  with  some  rosins  ; 
and  it  also  occurs  in  the  urine  of  herbivorous  animals,  under 
certain  circumstances.  It  is  also  formed  by  the  oxidation  of  the 
oil  of. bitter  almonds.  It  maybe  obtained  from  benzoin  by  sub- 
limation, the  powdered  gum  beinff  gently  heated  on  an  iron 
plate  forming  the  bottom  of  a  broad  and  short  cylinder,  the  top 
of  which  is  covered  with  bibulous  paper  pasted  tightly  down  to 
the  sides,  while  another  cylinder  slides  over  the  upper  end  of 
the  first,  to  prevent  the  escape  of  the  acid.  The  vapours  of  the 
acid,  which  is  very  volatile,  pass  through  Uie  paper,  and 
forming  crystals,  are  thero  retained,  falling  on  its  upper  surface. 
The  foUowing  method^  however,  is  far  more  productive,  as  iu 
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the  process  of  sublimation  some  of  the  add  is  always  decom- 
posed.  Benzoin  is  dissolved  in  strong  alcohol,  and  to  the  hot 
solution  there  is  added  hydrochloric  acid  in  quantity  sufficient 
to  precipitate  the  resin:  the  whole  is  then  distilled.  The 
benzoic  acid  passes  oyer  under  the  form  of  benzoic  ether  (ben- 
zoate  of  oxide  of  ethyle);  and  when  the  greatier  part  of  the  liquid 
has  been  distilled  off,  water  is  added  to  the  residue,  and  dis- 
tilled as  long  as  any  ether  passes  oyer  with  it.  When  this  ceases, 
the  hot  water  remaining  in  the  retort  is  filtered,  and  on  cooling 
deposits  part  of  the  benzoic  acid  in  crystals.  The  benzoic  ether 
and  all  the  distilled  liquors  are  now  treated  with  caustic  potash, 
until  all  the  ether  is  decomposed,  and  the  solution,  now  con- 
taining benzoate  of  potash,  is  heated  to  boiling,  and  super- 
saturated with  hydrochloric  acid.  On  cooling  it  deposits  the 
benzoic  acid  in  crystals.  By  this  means  the  whole  benzoic  acid 
of  the  benzoin  is  obtained. 

Benzoic  acid  forms  fine  light  prismatic  cirstals,  or  flexible 
pearly  scales.  When  pure,  it  has  no  smell,  but  by  heat  it 
acqmres  the  odour  of  benzoin  or  of  yanilla,  and  as  commonly 
prepared  it  has  a  yery  pleasant  odour  derived  from  the  presence 
of  some  foreign  compound  which  accompanies  the  acid,  and  is 
not  easily  separated  from  it.  It  is  very  fusible  and  volatile, 
and  its  vapours  are  very  irritating,  provoking  cough.  It  is 
inflammable,  burning  with  smoke.  It  is  sparingly  soluble  in 
cold  water,  more  so  in  boiling  water ;  it  dissolves  also  in  alcc^ol 
and  ether. 

With  bases  it  forms  salts,  many  of  which  are  cr3^tall]sable. 
Their  general  formula  is  Bz  0,  M  0,  or  Bz 0,,  M.  When  tiie 
alkaline  and  earthy  benzoates  are  heated  in  close  vessels,  they 
yield  carbonates,  while  new  products  distil  over,  such  as  ben- 
zone,  benzole,  naphthaline,  &c.  The  benzoate  of  peroxide  of  iron, 
3  Bz  0  +  Fe«  Oa,  has  a  reddish  white  colour,  and  is  insoluble. 
Benzoic  acid,  in  the  form  of  benzoate  of  ammonia,  is  therefore 
sometimes  used  as  a  means  of  separating  peroxide  of  iron  frt>m 
some  other  bases.  But  its  use  requires  many  precautions,  and 
it  is  quite  inapplicable  if  alumina,  glucina,  yttria,  orzirconiabe 
present.  Benzoate  of  silver,  Bz  O,  Ag  0,  is  sparingly  soluble, 
and  when  formed  in  hot  solutions  crystallises  on  cooling. 

2.  Hyduret  of  Benzoyle.     Cx4  Ho  Oa»Bz  H. 

Syn .  Essential  oU  ofbiUer  almands. — ^When  bitter  almonds, 
after  being  macerated  with  water  for  a  day  or  two,  are  distilled 
with  the  water,  there  is  obtained  a  fragrant  oily  liquid,  heavier 
than  water,  which  contains,  besides  hyduret  of  benzoyle,  hexi- 
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VHc  aoid,  hydToeyBoie  acid,  and  benioine,  a  solid  c<ympoiuid 
iflomerie  with  the  hydnret  of  benzoyle.  To  purify  it,  this  oily 
liquid  ia  distilled  along  with  a  mixture  of  protocluoride  of  iron 
and  slaked  lime,  which  retain  the  two  aci<u^  and  the  benzoine 
remaining  behind,  the  pure  hyduret  pfuraee  over. 

It  ia  a  colourless  transparent  liquid,  of  a  high  refractive 
power.  It  has  a  peculiar  and  very  powerful  smell,  and  it  is  on 
this  account  that  the  crude  oil  is  so  much  used  in  perfumery. 
Its  odour  has  been  compared  to  that  of  hydrocyanic  acid,  but 
this  has  arisen  from  the  fact  that  the  crude  oil  contains  both  : 
for  on  comparing  the  two,  no  similarity  can  be  perceived.  It 
oufht,  however,  to  be  borne  in  mind  that  the  commercial  oil  is 
hi^y  poisonous,  not  only  because  it  contains  hydrocyanic  acid, 
but  tiecause  the  hyduret  of  benzoyle  is  poisonous.  Hyduret  of 
benzoyle  boils  at  356*^. 

When  exposed  to  the  air,  it  absorbs  2  eq.  of  oxvgen,  and  is 
converted  into  pure  cirstallised  benzoic  add.  Bz  H  +  0  > = Bz 
0,  H  O.  Heated  With  caustic  potash  in  close  vessels,  it  yields 
benzoate  of  potash  and  hydrogen  gas,  which  is  disengaged. 
KO,  HO  +  BzH  =  KO,  BzO  +  H.  It  iis  still  more  easily 
converted  into  benzoate  of  potash  by  an  alcoholic  solution  of 
potash  ;  the  alcohol  here  swims  above  the  salt,  and  holds  in 
solution  an  oily  matter  not  vet  examined. 

When  hyduret  of  benzoyle  is  mixed  with  a  little  hydrocyanic 
acid,  and  placed  in  contact  with  aqua  potassss^  lime  water,  or 
baryta  water,  it  is  gradually  converted  into  the  solid  crystalline 
compound,iBomeric  with  itself,  which  is  called  benzoine.  When 
mixed  wiUi  aona  ammonia,  and  gently  heated,  it  produces  a 
new  oompoond,  hydrobenzamide.  With  chlorine  and  bromine, 
if  dry,  it  yields  chloride  and  bromide  of  benzoyle,  with  liydro- 
chloric  and  hydrobromic  acids ;  if  water  be  present,  benzoic 
acid  is  likewise  formed,  part  of  which  combines  with  some 
nnclumffed  hvduret  of  benzoyle. 

3.  Chloriie  of  henteoj/U^  formed  by  the  action  of  dry  chlorine 
on  the  hyduret,  is  a  colourless  liquid,  of  a  strong  disagreeable 
odour,  it  is  formed  as  follows  :  BzH  =  Cl»  =  BzCl  +  H  CI. 
With  the  alkalies  it  yields  benzoate  of  the  alkali,  and  chloride 
of  the  metal:  BzCl  + 2K0  =  KO,  BzO-|-KCl.  Withdry 
ammonia  it  yields  bengamide;  with  alcohol  it  produces  benzoic 
ether  and  hydrochloric  acid.  Ae  0,  H  0  H-  Bz  CI  =  Ae  0,  Bz 
0  +  H  CI.  When  acted  on  by  metallic  bromides,  iodides,  sul- 
phurets,  or  cyanides,  it  producesmetallic  chlorides,  and  bromide, 
iodide,  sulphuret  or  cyanide  of  benzoyle.  The  bromide  ofbm- 
wojfU  is  a  crystalline  solid,  in  other  respects  analogous  to  the 
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chloride.  The  iodide  and  sulphurei  of  benzoyle  are  also  cry8> 
tallisable :  the  cyanide  is  a  liquid  having  an  odour  like  that  of 
cinnamon. 

4.  Benzamide.     Ci4  N Hf  02=Ci4  Hs  0%  +  NHa=::Bz  Ad. 

This  compound  is  formed  when  dry  ammonia  acts  on  chloride 
of  benzoyle,  BzCl  +  N  H,,  H  =  Bz,  N  Ha  +  H  CI:  also  when 
hippuric  acid  (which  see),  is  boiled  with  peroxide  of  lead. 
When  prepared  from  the  chloride,  it  is  accompanied  by  sal 
ammoniac,  formed  by  the  hydrochloric  acid  produced,  with  the 
excess  of  ammonia.  This  is  removed  by  cold  water ;  and  the 
benzamide,  being  dissolved  in  hot  water,  crystallises  on  cooling. 
It  forms  fine  soft  needles  or  pearly  scales,  very  fusible  and 
volatile.  Like  other  amidides,  it  yields  ammonia  when  boiled 
with  alkalies,  while  a  benzoate  is  formed. 

6.  Formobenzoilic  Acid.  |C«^H0.  +  C.4H.  0.  +  HO=FoO., 

This  compound  is  obtained  by  adding  to  distilled  water  some 
crude  oil  of  bitter  almonds,  which  always  contains  hydrocyanic 
acid  (see  AnyadaUne),  and  evaporating  to  dryness  along  with 
some  hydrochloric  acid.  From  the  dry  mass,  ether  dissolves  the 
new  acid,  which  it  deposits  as  a  crystalline  powder  by  evano- 
ration.  In  this  process,  the  hydrocyanic  acid,  under  the  influ' 
ence  of  hydrochloric  acid,  is  converted,  along  with  the  elements 
of  water,  into  formic  acid  and  ammonia.  "Hie  latter  combines 
with  the  hydrocyanic  acid,  the  former  with  thehyduret  of  ben- 
zovle,  yielding  formobenzoilic  acid.  With  bases  this  acid  forms 
salts,  m  which  the  quantity  of  base  neutralized  is  exactly  that 
which  would  be  neutralized  by  the  formic  acid  alone.  Their 
formula  is  M  O  +  Fo  Oj,  Bz  H  ;  by  which  it  is  seen  that  the 
h^duret  of  benzoyle  has  entered  into  the  radical  of  the  acid, 
without  altering  its  power  of  saturation ;  and  perhaps  the 
rational  formula  of  the  acid  ought  rather  to  be,  (Fo  O4,  Bz  H) 
+  H  ;  and  that  of  the  salts,  (Fo  O4,  Bz  H)  +  M  ;  which  ex- 
hibits this  view  still  more  clearly. 

6.  Benzoate  of  Hyduret  of  Benzoyle.  C4»  Hie  08=Bz  O,  HO  +  2  Bx  H. 

This  compound  is  formed  when  moist  chlorine  is  passed 
through  the  oil  of  bitter  almonds.  Hydrated  benzoic  acid  is 
formed,  which  unites  with  the  unchanged  hyduret.  The  action 
of  moist  chlorine  in  producing  hydrated  benzoic  acid  is  as  fol- 
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fowB :  Bz  H  -I-  2  H  0  -f  CI,  =  2  H  CI  +  Bz  0,  H  0.    The 

new  compound  is  crystalline,  insoluble  in  water,  solqble  in 
alcohol  and  ether.  It  is  volatile  without  decomposition.  An 
alcoholic  solution  of  potash  dissolyes  it,  and  conyerts  it  into 
benzoate  of  potash. 

7.  Hippuric  Add.    Ci«  NHs  Os  +  HO. 

This  acid  is  found  in  very  considerable  quantity  in  the  urine 
of  herbivorous  animals,  such  as  the  horse  and  cow,  more  espe- 
cially when  stall-fed.  It  has  also  been  lately  discovered  oy 
Liebig  in  human  urine.  It  is  easily  obtained  by  evapoiatiiu^ 
gently  to  a  small  bulk  the  fresh  urine  of  the  horse  or  cow,  and 
acidulating  with  hydrochloric  acid.  On  standing,  the  liquid 
debits  brown  crystals  of  hippuric  acid,  which  may  be  deco* 
lorised  by  a  little  bleaching  liquor  and  hydrochloric  acid. 

The  pure  acid  forms  pretty  large  semi-opaque  four-sided 
prisms,  sparingly  soluble  in  cold  water,  venr  soluble  in  hot 
water,  and  in  lucohol.  When  heated,  it  melts,  and  gives  off 
benzoic  acid,  benzoate  of  ammonia,  and  an  oily  matter,  which 
has  a  very  fr^ant  odour  like  that  of  the  tonka  bean.  By 
nitric  acid  it  is  converted  into  benzoic  add.  Heated  with 
peroxide  of  manganese  and  sulphuric  acid,  it  yields  ammonia, 
carbonic  acid,  and  benzoic  acid  ;  boiled  with  peroxide  of  lead, 
it  yields  benzamide  and  carbonic  acid. 

With  bases  it  forms  salts,  most  of  which  are  soluble  and 
crystallisable. 

Hippuric  acid  may  be  viewed  in  two  ways ;  first,  as  a  com- 
pound of  benzamide  with  an  acid,  C4  H  Os  (fumaric  or  aconitic 
acid  ?^  and  it  is  remarkable  that  Schwarz,  who  has  lately  studied 
the  hippurates,  observed  a  very  great  similarity  to  the  fnma- 
rates ;  as  if  the  hyduret  of  benzoyle  were  simply  taken  up  into 
the  molecule  of  these  salts,  without  much  affecting  their  pro- 
perties ;  secondly,  as  composed  of  hyduret  of  benzoyle,  hydro- 
cyanic acid,  and  formic  acid.  £ither  view  readily  accounts  for 
its  easy  decomposition  into  benzoic  acid  and  omer  products. 
As  an  ingredient  of  the  urine,  this  add  is  important ;  and  we 
shall  hexeafter  see  that  benzoic  acid,  taken  mto  the  system, 
appears  in  the  urine  as  hippuric  acid. 

Dessaignes  has  recently  shown,  that,  when  hippuric  add  is 
boiled  with  stronger  acids  for  some  time,  it  is  decomposed,  and 
yields  benzoic  add,  which  crystallises  on  coolii^  ;  while  the 
mother  liquid,  on  further  evaporation,  yields  fine  crystals  of  the 
salts  formed  by  the  combination  of  sugar  of  gelatine  (see  Gela^ 
tine),  with  the  acid  employed.    In  fact,  sugar  of  gelatine,  ac* 
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cording  to  DessalgneB,  is  a  basis  quite  audogoas  t6  uren ;  and 
its  salU^  with  the  mineral  adds,  form  double  salts^  and  appear 
to  act  as  acids^  which  is  also  the  case  with  urea.    If  te 

Hippuric  acid Ois  Na  Ha    0« 

We  add  2  eq.  water Ha    Oa 


Gia  Ns  Hii  Oa 

And  from  the  sum  deduct  1  eq.  hydrated  benzoic  add  Gi4         Ha    04 


There  remains 04    Nt  H«    04 

And  this  is  the  formula  which  Gerhardt  has  recently  proposed 
for  saeai  of  gelatine.  Whether  this  formula,  howerer,  or  those 
of  Mulder  and  Bonssingault.  be  preferable,  it  is  certain  that 
the  salts,  obtained  as  above,  by  Dessaignes,  with  nitric,  hydro- 
chloric, and  sulphnric  acids,  are  not  distingnishable  from  those 
made  with  sugar  of  gelatine  prepared  from  gelatine.  More- 
over, the  sugar  itself,  separated  from  these  salts,  was  found 
identical  in  properties  with  that  from  gelatine.  The  analysis 
of  the  sugar  produced  by  the  new  method,  which  seems  to  be 
very  pure,  will  no  doubt  settle  the  question  as  to  the  true 
formula  of  sugar  of  gelatine. 

PRODUCTS  OF  THE  DB0OHPO3ITI0N  OF  THE  COMPOUNDS  OF  BENZOYLE. 

1 .  Hyposnlphobeiooic  Acid.    G 1 4  H4  Oa  +  Sa  Oa  +  2  H  O. 

A  bibasic  acid.  Formed  when  anhydrous  sulphuric  add  acts 
on  crystalliBed  benzoic  acid  Ci^Hs  Oa,  HO  4-2S03=Ci« 
H4  0»  +  S9  Os  +  2H  0.  The  acid  is  soluble  and  cry8talli»- 
able,  and  forms  with  baryta  a  soluble  and  crystallisable  salt, 
from  which  the  acid  may  be  obtained  by  the  action  of  sulphuric 
acid.  It  forms  two  series  of  salts,  one  with  2  eq.  of  fixed  base, 
the  other  with  1  eq.  of  fixed  base  and  1  eq.  of  water. 

2.  Bromobenzoic  Acid.    Gas  Ha  BrOa  +  2  HO. 

A  bibasic  acid.  When  the  vapour  of  bromine  is  aUowed  to 
act  on  benzoate  of  silver  at  the  ordinaiy  temperature,  there  is 
produced  this  acid,  along  with  bromide  of  silver  and  hydro- 
oromic  acid.  S  eq.  of  benzoate  of  silver  and  4  eq.  of  bromine 
yield  1  eq.  bromobenzoic  acid,  1  eq.  hydtobromic  acid,  and  8eq. 
bromide  of  silver.  2 (Gi  4  H.  Os  AgO)  +  Br4  =  G>e  Ha  Br 
Oa  +  H  Br  +  2  A^  Br.  £ther  dissolves  the  acid  and  deposita 
it  on  evaporation,  m  a  confused  mass  of  crystals,  very  sparingly 
soluble  in  water.     When  the  acid  crystallises,  it  takes  up 
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S  M.  of  water.  With  baMs  it  fornu  aalts,  which  are  genenlhr 
■olnble  and  cnrstallisable.  Their  general  formula  is  C«  •  H^ 
BrO.,2MO. 

3.  Benzole.    GiaHe. 

Sth.  BenaifM.  Beneene,  Phenc—Occnn  in  the  volatile 
liquids  condensed  from  oil  gas ;  but  is  best  obtained  in  a  state 
of  purity  by  distilling  1  part  of  czystallised  benzoic  acid  with 
3  of  slaked  lime.  It  is  a  limpid,  colourless  liquid,  of  an  agree- 
able etiierial  odour.  Its  Sp.  G.  is  0*85 ;  it  boils,  at  186°,  and 
at  32°  it  becomes  solid.  It  is  insoluble  in  water,  soluble  in 
aleohol  and  ether.  In  its  formation,  1  eq.  of  benzoic  acid 
yields  2  eq.  carbonic  acid  and  1  eq.  benzole,  the  carbonic  add 
uniting  with  the  lime,  Ci4  Hs  Oa,  H0  =  Ci«  Ha  +  2C0t. 

4,  JSulphobenzide,  C  i »  H » S  0 1 . — ^When  anhydrous  sulphuric 
acid  acts  on  benzole,  a  viscid  mass  is  formed,  from  which, 
by  the  addition  of  water,  is  separated  a  new  compound,  which 
may  be  dissolved  and  crystallised  by  means  of  ether.  Ci  >  H« 
-|-SO«=:HO  +  Ci>Hs,SO>.  Sulphobenzide  is  quite  neutral. 
5.  Hjipomdphcbimzidie  Acid. — ^This  acid  is  found  in  the  liquid 
from  which  the  preceding  compound  has  been  deposited.  Its 
formula  is  Ci  t  Hi,  St  Os,  +  0.  It  may  be  viewed  as  formed 
by  the  action  of  2  eq.  of  diy  sulphuric  acid  on  1  eq.  of  benzole, 
Ci>He  -f  2S0*  =  Ci»Hs,S>0s,  HO;orasformedbythe 
combination  of  sulphobenzide  with  oil  of  vitriol,  Ci »  Hs,  S  O? 
+  H  0,  S  Os.  Either  view  readily  explains  its  formation.  The 
acid  is  best  obtained  pure  from  its  salt  with  oxide  of  copper 
(which  crystalliBes  very  easily),  by  the  action  of  sulphuretted 
hydrogen.  It  is  very  soluble,  and  may  be  cr3rstallisea.  It  has 
a  very  add  taste,  and  neutralises  bases,  forming  ciystallisable 
salts.  6.  NUrobenzide,  Ci*  Hs  N  0^;  Syn.  Nitrcbenzole.^ 
Formed  when  benzole  is  dissolved  to  saturation  in  fuming 
nitric  acid,  and  water  added  to  the  hot  solution.  On  cooling, 
the  nitrobenzide  falls  to  the  bottom  as  a  heavy  oil.  It  is,  at 
60^,  a  yellow  liquid,  very  sweet  to  the  taste,  with  an  odour 
like  that  of  cinnamon;  it  boils  at  434<>,  and  solidifies  at  37<>. 
Its  Op.  G.  is  1'209«  It  is  insoluble  in  water,  soluble  in  alcohol 
aad  eUier.  It  is  formed  from  1  eq.  benzole  and  1  eq.  nitric 
acid,Ci*H«  +  N0s  =  H0  +  Ci«Hs,N04.  B}rtheaction 
of  reducing  aeents,  such  as  sulphuretted  hydrogen,  nitrobenzide 
loeee  the  whole  of  its  ozy^,  and,  taking  up  2  eqs.  of  hydrogen, 
it  18  transformed  into  amhne,  C  i  >  N  H  y.  (S<ee  AniUin6)»  Nitro- 
b«udde  may  be  viewed  as  benzole,  d*  H«,  in  which  1  eq. 

hydrogen  is  replaced  by  nitrous  add,  Cis^^'q    f  while  in 
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aniline  this  eq.  of  hydxogen  ia  replaced  by  amide ;  Ci  t  Hr  N=£ 

Ci  'M^'tT   {  •  By  the  further  action  of  nitric  acid^  nitrobenzide 

is  converted  into  dinitrobenzol,  Ci  *  H4  Ns  08=Ci  9q  ^^Vv    > 

in  which  a  second  eq.  of  hydrogen  is  replaced  by  nitrons  add. 
This  compound,  acted  on  by  hydroanlphuret  of  ammonia, 
yields  nitroaniline,  a  base,  the  formula  of  which  is   Cit 

^  corresponding  to  aniline  C  i  >  H  ^  N.    7.  Azobenzide^ 


g'o.JN,con 
C..H.N.— 1 


-This  compound  is  formed  when  an  alcoholic  solu- 
tion of  nitrobenzide  is  distilled  with  diy  hydrate  of  potash. 
After  the  alcohol  has  distilled,  the  azobenzide  volatilises, 
forming  laige  red  crystals,  fusible  at  150*',  boiling  at  380°.  In 
the  production  of  this  compound  alcohol  takes  a  part,  and 
there  are  formed,  besides  azobenzide,  aniline,  water,  and  oxalic 
acid,  which  remains  combined  with  the  potash.  2  (Ci  t  Hs 
N  O4)  -h  C*  H«  Ot  =  Ci .  H5  N  +  C. .  Hr  N  +  Ct  Oa  + 
3  H  O.  8.  Chloride  of  benzole,  Cit  H«  Cl«.— Formed  when 
chlorine  gas  and  benzole  are  exposed  to  the  sun's  rays.  It  is 
a  colourless  ciystalline  solid.  9.  Chlorobenzine,  Ci  •  Ha  Cla. — 
Obtained  by  distilling  the  preceding  compound  with  hydrate  of 
lime,  as  a  colourless  oily  liquid.— Bromine  forms  with  benzole 
analogous  compounds. 

10.  Benzone.     CisHaO. 

One  of  the  products  of  the  distillation  of  neutral  benzoate  of 
lime.  When  purified  from  benzole  and  naphthaline,  it  is  an 
oily  viscid  colourless  liquid,  heavier  than  water.  It  differs 
from  1  eq.  of  anhydrous  benzoic  acid  by  1  eq.  of  carbonic  acid, 
Ci4H«0.=C.3H.0-|-C0.. 

11.  Hjdrobenzamido.    G49  Hie  Ns. 

When  1  vol.  hyduret  of  benzoyle  and  20  vol.  of  strong  aqua 
ammonise  are  exposed  in  an  hermetically  sealed  vess^  to  a 
temperature  of  from  106°  to  120°,  it  is  converted  after  a  time 
into  a  crystalline  mass,  which  is  to  be  waited  with  ether. 
The  residue  dissolved  in  alcohol,  yields,  by  spontaneous  evar 
poration,  regular  crystals  of  hvdrobenzamide.  In  its  formation, 
3  eq.  hyduret  of  benzole,  and  2  eq.  ammonia,  produce  1  eq. 
hydrobenzamide  and  6  eq.  water.  3(Ci4HoOs)+2NH3  = 
C4»  HisN> +6H0.  If,  in  preparing  this  substance,  we 
employ  the  crude  oil  of  bitter  almonds,  we  obtain  a  yellow 
resmous  mass,  which  is  a  mixture  of  hydrobeneamide,  bensky^ 
dramide,  azobenz<)yle,  and  azoHde  of  benzoyle,  all  of  them  du^ 
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coTered  by  Laurent.  12.  Benzfq^dramide  is  isomeric  with 
hydrobenzamide,  but  is  not  conyerted,  like  tbe  former,  into 
faydoret  of  benzoyle  and  sal  ammoniac  by  the  action  of  hydro^ 
chloric  acid.  13.  Azobenzcyle,  C48  His  N?,  is  mnch  less 
soluble  in  alcohol  than  the  preceding.  It  is  derived  from 
benzoyle  as  follows :— 3  (C,  4  H.  0.)  +  2  N  H3  =  C*4i  H. e 
N»  +  6  H  0.  14.  AzoUde  of  benzoyle,  Ci «  Hs  N,  is  ouite  in- 
soluble in  boiling  alcohol.  It  may  be  derived  from  annydrous 
benzoic  acid  as  follows  :— Ci  4  Ha  Oa  +  N  Ha  =  Ci4  Hs 
N  -I-  3  H  O. 

15.  Benzostilbine.     CsiHixOfl. 

Rochleder  has  shown  that  when  hydrobenzamide  is  heated 
with  fused  potash,  till  the  mass  begins  to  blacken,  three  new 
substances  are  formed ;  namely,  a  yellow  oil  in  very  small 
quantity,  and  two  solid  crystalline  compounds,  Benzostilbine 
and  Benzolone.  Benzostilbine  is  best  obtained  by  heatinff 
only  till  the  mass  becomes  like  gamboge.  It  is  then  purified 
by  solution  in  alcohol,  which  dissolves  it  readily  when  the 
yellow  oil  is  present.  When  the  oil  is  destroyed  b)r  a  little 
chlorine,  the  benzostilbine  is  immediately  deposited  in  small 
colourless  crystals  of  silvery  lustre,  which  are  insoluble  in 
water,  sparingly  soluble  in  alcohol,  and  soluble  with  a  blood- 
red  colour  in  oil  of  vitriol,  from  which  water  precipitates  it 
unchanged. 

16.  Benzolone.     Cn  H4  O. 

This  compound  is  formed  in  greatest  quantity  when  the 
mixture  of  nj^drobenzamide  with  potash  is  heated  till  it 
becomes  blaclush  brown.  The  mass  is  then  washed  with 
water,  and  dissolved  in  oil  of  vitriol,  to  which  it  gives  a 
splendid  red  colour.  The  addition  of  weak  alcohol  now 
causes  the  benzolone  to  separate  in  small  crystals. 

It  is  obvious  that  the  two  preceding  compounds  contain 
the  whole  carbon  of  the  hydrobenzamide.  without  any  of  its 
nitrogen,  and  they  may  both  be  derived  nrom  it  by  the  addi- 
tion of  3  eq.  of  water  and  the  elimination  of  2  eq.  anmionia, 

1  eq.  hydrobenzamide           .         •        .     C4fl  His  Na 
3  eq.  water    • Hs    0» 


aukj  yield 

1  eq.  benzostilbine 

1  eq.  benzolone 

2  eq.  ammonia 

C49HS1  NbOs 

.    Osi  Hii        Oa 
.     .     Cai  H4          0 

H4    Na 

C4a  Hai  Na  Os 

360  AMARIirX — ^LOPBOB— BBNZnODS. 

It  would  appear,  however,  that  benzolone  is  alao  fonned 
from  benzoBtifbuie,  which  is  first  produced,  and  then  decom- 
posed hy  the  increased  heat.  Benzostilbine  in  fact  contains 
the  elements  of  2  eq.  benzolone,  with  an  excess  of  carbon  and 
hydrogen,  which  are  partly  given  off  in  the  form  of  carburetted 
hydrogen,  and  hydroffen,  water  also  beinc  decomposed,  the 
oxygen  of  which  con»>ines  with  oart  of  the  carbon  to  form 
carbonic  acid,  which  combines  witn  the  potash. 

15.  Amarine.     04a  His  Xa. 

When  the  hyduret  of  benzoyle,  or  rather,  the  oil  of  bitter 
almonds,  is  acted  on  by  ammonia  and  alcohol,  there  is  found  an 
organic  base,  to  which  Laurent,  its  discoverer,  has  given  the 
name  of  amarine.  Its  formula  is  C4  >  H  i  a  N >,  and  it  is,  there- 
fore, isomeric,  or  polymeric,  with  hydrobenzamide.  It  is  a 
well-marked  base,  and  we  shall  return  to  it  as  such. 

1 6.  Lophine.     04  «  H 1  e  Ns. 

When  hydrobenzamide  is  subjected  to  the  action  of  heat  in 
close  vessels,  there  is  formed,  among  other  products,  a  new 
organic  base,  which  Laurent  has  named  Icphtne,  It  has  dis^ 
tinct  basic  properties,  and  will  be  again  referred  to  in  the 
section  on  organic  bases.    Its  formula  is  C4«  H 1 «  Nj. 

The  formation  of  this  and  of  the  preceding  compound  is  veiv 
interesting,  as  proving  the  derivation  of  bodies  having  the  high 
atomic  weight  of  the  organic  bases  from  bodies  of  lower  equi- 
valents ;  these  bodies,  as  well  as  the  isomeric  hydrobenzamide 
and  benzhydramide,  being  all  derived  from  the  hyduret  of 
benzoyle,  C14  H«  0«.  There  may  be  some  doubt  as  to  the 
atomic  weight  of  indifferent  bodies,  such  as  hydrobenzamide  ; 
but  Uiere  is  hardly  any  as  to  that  of  the  bases  above  men- 
tioned, which  are  evidently  formed  bv  the  coalescence  of  3  or 
more  eqs.  of  the  hyduret  of  benzoyle,  since  1  eqs.  contains 
42  or  46  eqs.  of  carbon,  while  the  hyduret  only  contains  14  eqs. 
of  that  element. 

17.  Benzimide.    Oas  NHn  O4. 

Accordiug  to  Laurent,  this  compound  is  found  in  the  crude 
oil  of  bitter  almonds.  It  is  crystallisable,  and  appears  to  be 
decomposed  by  acids  into  benzoic  acid  and  ammonia.  It  may  be 
derived  from  iuihydrous  bibenzoate  of  ammonia  by  the  separation 
of  2  eq.  water.  C.Hio  0<i  -f-  N  H3  =Ca8HiiN  0« -f 
2  H  0.  But  this  is  not  probable.  A  compound  precisely 
similar  is  obtained  when  an  idcoholic  solution  of  potash  is 
added  to  a  mixture  of  hyduret  of  benxoyle  and  strong  hydro- 
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cyanic  acid ;  but  this  compound  yields  with  acids  ammonia 
and  hydnret  of  benzoyle. 

18.  Benzoinc.    Oss  Hi8  O4. 

Polymeric  with  hyduret  of  benzoyle.  It  is  formed  when  an 
alcoholic  solution  of  potash,  or  solphuret  or  cyanide  of  potas- 
sium^ act  on  the  crude  oil  of  bitter  almonds,  containing  hydro- 
cyamc  acid.  It  separates  in  a  coneeries  of  small  crystals, 
insoluble  in  water,  soluble  in  alcohol.  It  may  be  volatilised 
without  change.  Sulphuric  acid  dissolves  it  with  a  violet 
colour.  Hydrate  of  potash,  melted  with  it,  forms  benzoate  of 
potash,  with  disengagement  of  hydrogen.  It  dissolves  with  a 
violet  colour  in  a  hot  alcoholic  solution  of  potash,  and  is  con- 
verted by  boilinff  with  it  into  benzilic  add.  When  its  vapour 
is  passed  through  a  red'^hot  tube,  it  is  converted  into  hyduret 
of  benzoyle,  or  at  least  into  an  oil  smelling  like  that  compound, 
and  passing  into  benzoic  acid  on  exposure  to  the  air.  By  the 
action  of  chlorine  it  loses  hydrogen,  and  is  converted  into 
Ramie,  a  compound  having  the  composition  of  the  radical 
benzoyle. 

The  action  of  hydrocyanic  acid  in  promoting  the  formation 
of  benzoine  is  not  yet  explained ;  but  it  is  certain  that  from 
pure  hyduret  of  benzoyle  we  cannot  procure  it,  while  the 
addition  of  hydrocyanic  add  ensures  its  formation.  It  is,  prq- 
bably,  formed  by  the  simple  coalescence  of  2  eqs.  hyduret  of 
benzoyle,  and  the  derivatives  of  benzoine  most  likely  agree 
with  it  in  containing  28  eqs.  of  carbon. 

19.  Hydrobenzoixumiide. 

Syn.  Benzcinamide, — Isomeric,  or  polymeric  with  hydro- 
benzandde.  It  is  formed  by  exposing  a  mixture  of  benzoine 
and  ammonia  to  a  moderate  heat;  and  appears  as  a  white 
tasteless  powder,  volatile  without  decomposition. 

20.  Benzoinam.  Cse  Na  H84  O9. 
When  a  mixture  of  ammonia,  alcohol,  and  benzoine.  is  left 
for  several  months  in  a  closed  bottle,  there  are  formed  many 
products,  among  which  are  the  preceding  compound,  benzoin- 
amide,  and  a  new  substance,  Oenzcinam,  which  is  with  diffi- 
culty purified.  It  forms  small  white  needles,  the  formula  of 
which  isCsoNsHu^Os.  It  is  evidently  formed  by  the 
coalescence  of  2  eq.  benzoine  (itself  produced  oy  the  coalescence 
of  2  eq.  hyduret  of  benzoyle^  while  ammonia  is  taken  up,  and 
water  separated.  Thus  2  eq.  benzoine=Cs «  H >  4  Oi,  plus  2  eq. 

B  B 
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ammonia  N>  Ho;  and  minus  6  eq.  water,  H«  Oa,  are  eqnal  to 

Benzoinam  dissolves  in  acids,  and  is  precipitated  by  alkalies ; 
it  seems,  therefore,  to  have  the  characters  of  a  weak  base. 

21.  Benzile.  Css  Hio  O4. 
Stn.  Benz(>yle. — It  is  formed  by  the  action  of  chlorine  gas 
on  melted  benzoine.  When  cold  the  mass  is  boiled  with 
alcohol,  which  on  cooling  deposits  benzile  in  ciystals^  which  are 
yellow  six-sided  prisms  ;  insoluble  in  water,  soluble  in  alcohol 
and  ether,  melting  at  195°  and  volatile  without  decomposition. 
An  alcoholic  solution  of  potash  dissolves  it  with  a  violet  colour, 
and  converts  it  into  benzilic  acid.  Benzile  has  the  composition 
in  100  parts  of  the  supposed  radical  Benzoyle,  but  there  is  good 
reason  to  believe  its  equivalent  to  be  twice  as  high. 
22.  Benzilic  Add.    Gae  Hi  1  0«  +  H  O. 

Formed  when  benzile  or  benzoine  is  dissolved  in  a  hot  alco- 
holic solution  of  potash,  and  boiled  until  the  violet  colour  at 
first  produced  has  disappeared,  and  is  no  longer  restored  by  a 
fresh  portion  of  potash.  To  the  boiling  solution  of  benalate 
of  potash  hydrochloric  acid  is  added  in  excess,  and  on  cooling 
the  benzilic  acid  is  deposited  in  colourless  brilliant  crystals, 
fusible  at  248°,  not  volatile,  but  vielding,  when  heated,  benzoic 
acid,  and  purple  vapours.  Sulphuric  acid  dissolves  it  with  a 
bright  crimson  colour.  Its  formation  is  explained  as  fol- 
lows : — 1  eq.  of  benzile  takes  up  2  eqs.  of  water,  one  of  which 
is  incorporated  in  the  acid  ;  while  the  other  is  replaceable  by 
bases.  C,s  Hio  04+2H0=:Ca8  H.  i  Os-f-HO.  BemikOe 
of  poUMh  forms  large  transparent  crystals,  soluble  in  water 
and  idcohol. 

23.  Azobenzoide — C8  4  Hjj  Ns  ?  Obtained  by  adding  am- 
monia to  the  oil  produced  when  bitter  almonds  are  distilled 
per  descensum,  and  dissolving  away  by  means  of  ether  all  other 
products.  A  white  powder,  decomposed  by  heat  Its  formula 
is  doubtful. 

24.  Cyanobenzile. — Formed  when  an  alcoholic  solution  of 
benzile  is  warmed  with  ^  of  its  volume  of  concentrated  hydro- 
cyanic acid.  It  is  deposited  in  large  transparent  crystals,  the 
composition  of  which  is  not  yet  known. 

25.  Hyduret  of  Sulphobenzojle.  0 1 4  H«  Sa,  H. 
One  vol.  of  crude  essence  of  bitter  almonds  is  dissolved  in 
8  or  10  of  alcohol,  and  gradually  mixed  with  1  vol.  of  hydro- 
sulphuret  of  ammonia.  After  a  time,  the  mixture  deposits  & 
iine  white  powder,  formed  of  grains  smaller  than  tnose  of 
starch,  which  give  to  the  fingers  a  very  persistent  odour  of 
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{(arfic.  It  is  insolable  in  water  and  ialcohol.  Ether  liquefies 
it,  bat  a  few  drops  of  alcohol  restore  its  solid  form.  It  may 
be  considered  as  the  hyduret  of  a  new  radical,  in  which  the 
oxygen  of  benzoyle  haa  been  replaced  by  sidphor.  When 
heated,  it  melts,  and  if  now  allowed  to  cool,  forms  first  a 
transparent  plastic  mass,  and  afterwards  a  brittle  glass.  If 
kept  melted  for  some  time,  it  crystallises,  but  is  now  altered. 

26.  Stilbene.     Css  Hia. 

When  the  preceding  compound  is  strongly  heated,  it  gives 
off  a  large  quantity  of  sulphuretted  hydrogen,  and  a  little  of  a 
liqoid,  apparently  bisulphuret  of  carbon.  Continuing  the  heat, 
there  distil  over,  first  a  substance  crystallising  in  pearly  scales, 
tHWene  ;  and  later,  a  compound,  crystallising  in  needles,  called 
by  Laurent,  the  discoverer,  sulphessale.  To  obtain  the  stilbene 
pure,  the  first  crystals  are  dissolved  in  boiling  alcohol,  which 
leaves  undissolved  the  other  body,  and  on  cooling  deposits 
stilbene  in  tables.  These  being  dSssolved  in  hot  eflier,  form, 
by  slow  evaporation,  remarkably  fine  crystals,  with  the  pearly 
lustre  of  stilbite,  hence  the  name.  It  is  fusible  and  volatile, 
and  combines  with  chlorine  and  bromine.  Nitric  acid  decom- 
poses it,  giving  rise  to  several  new  products.  Chromic 
acid  attacks  it  with  violence,  and  reproduces  hyduret  of 
benzoyle. 

Chloride  of  stilbene  is  formed  when  chlorine  is  passed  through 
melted  stilbene.  It  appears  in  two  isomeric  modifications,  a 
and  b,  both  of  which  have  the  formula  C«a  His,  CI  9,  but  crys- 
tallise in  different  forms.  By  the  action  of  a  boiling  alcoholic 
solution  of  potash,  each  loses  1  eq.  of  hydrochloric  acid  (or  its 
elements),  and  thus  theyproduee  two  isomeric  modifications  of 

a  new  compound  Ct  •  <  q^  '  which  Laurent  calls  Chlostilbase ; 

and  in  which  1  eq.  of  hydrogen  of  stilbene  is  replaced  by 
chlorine.  One  of  these  is  called  Chlostilbase  a,  the  other  Chlo- 
stilbase b.  Both  are  oily  liquids,  but  they  are  distinguished  by 
the  action  of  bromine,  which  combines  with  both,  producing 
again  two  isomeric  compounds,  both  crystallisable,  but  in 

entirely  different  forms.    Their  formulss  are,  aC  t  ■  j  fi  >  >  +  Br 9 

andftCa.  |^''+Br.. 

Along  with  chloride  of  stilbene  is  formed  another  compound, 
chloride  of  chlostilbase,  analogous  to  these  bromides  of  chlostil- 
base.   It  is  a  crystallisable  solid :  formula,   C « s  )  qi  '  ^  -h  ^1  >  • 
B  b2 
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Bromide  oombineB  with  stilbe&e^  fanniiig  the  bromide  of 
etilbene,  C«  a  H 1 1,  Br»,  ^^ch  is  a  white  powder. 

When  stilbene  is  boiled  with  mtnc  add.  it  farms  veyenl 
compounds  not  yet  folly  examined.  Among  these  are  Nitrostil- 
base,  Nitrostilbese,  and  Nitrostilbic  acid.  The  latter,  according 
to  Lament,  is  Ca a  Hi  i  Nd  «. 

27.  Ifydurm  of  SulphazobeMoyle,  (d  4  Hs  Sf  Nf)  H,  or 
rather  C«9HisS4N9.is  generally  formed  along  with  hydoret 
of  solphobenzojle.  it  seems  to  be  hydaret  of  benzoile,  in 
which  the  2  eqs.  oxygen  of  the  benzoyle  are  replaced  partly  by 
snlphnr,  }>artly  by  nitrogen.  Besides  these  componmis,  Lau- 
rent  has  described  a  hydrosulphuret  of  azobenzoile,  with  the 
strange  formula  Ci«H«SN4.  Ought  it  not  rather  to  be 
Ci4Hfl8K,  orCsflH,4S4N.  ? 

28.  Nitrobenzoic  Acid.    Gi4  H4  NOt,  HO. 

Formed  when  nitric  acid  acts  on  benzoic  add.    It  is  a 

crystalline  yolatile  acid,  and  contains  the  elements  of  benzoic 

acid,   in  wbich  1  eq.  hyponitric  or  nitrous  acid  has  be^i 

substituted  for  1  eq.  hydrogen.     Ci4  Hs  Oj — H  +N  0« 

=  Oi4  j  ■^*Q    Oj  ;  and  the  basic  water  of  the  benzoic  add 

unites  with  the  new  acid  as  with  the  old. 

29.  Bromide  of  Benzole.    Oia  He  Bre. 

This  compound  is  formed  as  a  white  insoluble  powder,  when 
bromine  acts  on  benzole.  An  alcoholic  solution  of  potash 
remoyes  hydrobromic  acid  (or  its  elements),  and  causes  the 

separation  of  a  white  ciystalline  body,  (^^^  )3/  t  which 

Laurent  calls  hromobenzinise  ;  and  which  is  formed  by  sub- 
stitution of  bromine  for  half  the  hydrogen  of  benzole.    The 

( H 
bromide  of  benzole  may,  therefore,  ^  ^i  ■  ]  3/  +  3  H  Br. 

30.  Hydroeyanaie  of  henzoine. — C40  N«  Hia  O4,  is  formed 
as  a  light  ciystalline  matter,  when  oil  of  bitter  almonds  is 
mixed  with  one-fourth  its  yolume  of  dry  hydrocyanic  acid,  and 
warmed  with  its  own  yolume  of  aqua  potasssB,  Sp.  G.  1*25, 
diluted  with  six  parts  of  alcohol.  It  arises  from  the  action  of 
3  eqs.  hyduret  of  benzoyle  and  2  eqs.  hydrocyanic  add :  3  (d  « 
Ha  O.)  -h2(C,  NH)=C4aN,  HiaO*  -F2H0. 

31.  Ifydpwyanate  of  benzik,  Ci4  H.  0«  -h  Ca  NH  =  Ci« 
NHa  O9,  is  formed  by  direct  combination  when  a  hot  alco- 
holic solution  of  benzile  is  mixed  with  an  equal  bulk  of  anhy- 
drous hydrocyanic  acid.    It  forms  large  colourless  ciystals. 
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JPoflnbly  the  body  called   GTanobenzile   mexxtioned   above, 
No.  24y  may  be  identical  with  this  compooxid. 

The  above  is  but  a  brief  and  impeifect  notice  of  the  nnmenms 
eamponndfl  which  have  been  obtained  from  oil  of  bitter  almonds 
by  the  Tarioos  transfonnationB  and  decompositions  above  men- 
tioned. Probably  no  substance  has  yielded  so  rich  a  harr est 
of  discovery  as  this  remarkable  oil,  and  for  onr  knowledge  of 
the  new  products  we  are  indebted  to  liebig  and  Wohler,  Mits* 
eherfich,  Zinin,  Rochleder,  but  above  all,  to  Laurent,  who  has 
diseovered  by  far  the  flreaterpart  of  them.  Unfortunately,  the 
very  able  researches  of  this  indefatigable  chemist  are  scattered 
in  several  difiEerent  journals,  many  of  them  published  at  long 
intervals  of  time,  and  have  nowhere  been  collected  or  exhibited 
to  the  world  in  a  connected  form.  I  have  not  beeni  able  to 
consult  nearly  all  of  the  original  pn^ers,  the  references  to 
which  are  very  unsatisfBctoiy ;  and  I  am  consequently  com- 
pelled to  rest  satisfied  with  the  imperfect  notices  which  I 
eould  find:  The  above  list  does  not,  I  believe,  contain  even 
the  names  <^  several  compounds  belonging  to  this  series, 
recently  described  by  Laurent,  of  which  I  can  procure  no  dis- 
tinet  account.  The  reader  is  therefore,  of  necessity^  refmred 
for  the  details  of  these  remarkable  investisations  to  the 
original  memoirs  which  are  to  be  found  in  the  Annales  de 
Chemie  et  de  Physique^  and  the  Journal  de  Phannacie,  bMdea 
several  oth^  French  journals. 

The  study  of  these  compounds  has  shed  great  light,  and  will, 
in  fatore,  shed  much  more,  on  the  origin  of  the  more  complex 
oiganic  molecules.  In  several  instances,  we  see  2  or  3  eqs.  of 
h^hiiet  of  benaovk  coalescing  to  yield  1  eq.  of  a  new  and 
more  camples  substance,  either  with  or  without  a  change  in 
the  relative  proportion  of  oxygen  and  hydrogen,  and  with  or 
without  the  addition  of  nitrog«i.  Aoeorcbng  to  Lanraat^ 
compounds  exist  in  v^ch  4,  6^  and  even  9  eqs.  oi  the  hyduzet 
have  coalesced. 

It  waa  mentioiied,  in  a  former  part  of  this  work^  that  our 
power  of  artificially  forming  bodies  which  occur  as  j^oduets  of 
organic  life,  was  limited  chiefly  to  the  decomposition  or  s^lit- 
ti^  up  of  ooniplex  molecules,  such  as  those  of  sugar,  salicine, 
uric  acid,  or  fibrine,  into  less  complex  moleculesL 

Bat,  adthoudi  tlus  is  still  true  of  the  actual  produda  of 
organic  life  wmcfa  have  been  imitated  in  the  laboratory,  the 
bete  abofve  described,  show,  that,  under  certain  circumstances, 
we  ean,  from  the  lest  complex  molecules,  build  up  more  com- 
plez  ones,  so  as  to  produce,  if  not  the  actual  products  of 
csgaaic  lifo,  yet  sub^anceSy  entirely  analogous  to  them,  and 
eqoally  complex. 
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Thus,  the  artificial  bases,  aioarine,  lophine,  and  benzoinam., 
have  equivaleats  as  high  as  those  of  the  vegetable  alkalies, 
morphia  and  quinine ;  and  we  have  almost  demonstratiYe 
evidence  that  these  three  compounds  arise  from  the  reverse 
process  to  that  which  yields  urea,  formic,  oxalic,  and  salicylic 
acids.  The  latter  are  obtained  by  processes  of  oxidatian, 
which  tend  to  split  up  the  more  complex  molecules  into  less 
complex  ones  :  the  former  are,  on  the  contrary,  built  up  out  of 
the  less  complex  molecules,  by  processes  of  raluction.  There 
are  other  cases,  of  recent  discovery,  which  establish  the  same 
principle. 

Now  we  know,  that  the  distinguishing  feature  of  vegetable 
life  is  the  power  of  reduction  possessed  by  plants,  which  easily 
deprive  carbonic  acid  of  its  oxygen,  an  operation  requiring  a 
prodigious  chemical  force. 

We  are,  therefore,  warranted  in  concluding  that  we  shall,  in 
time,  succeed,  by  means  of  the  various  processes  of  reduction 
known  to  chemists,  (and  possibly  of  new  methods  also),  in 
producing,  for  example,  the  vegetable  alkalies,  morphme, 
quinine,  and  strychnine. 

This  consideration  gives  to  the  compounds  of  the  Benxoyle 
series,  and  their  derivatives,  a  high  degree  of  interest,  far  sur- 
passing that  which  would  attach  to  them  as  a  mere  list  of  new 
compounds,  each  possessing  a  distinct  composition  and  distinct 
properties. 

Appendix  to  Brnzotle. 
1.  Amygdaline.     C40  XHa?  Oaa, 

Is  found  in  bitter  almonds,  in  the  leaves  of  the  cherry  laurel, 
and  probably  in  the  kernels  of  all  the  bitter  species  of  amyg- 
dalus  and  prunus,  as  the  peach  and  plum.  To  obtain  it,  bittor 
almonds  are  pounded  and  forcibly  pressed  between  warm  iron 
plates  to  remove  the  fat  oil  (oil  of  almonds).  The  marc  or 
residue  is  boiled  with  alcohol  of  94  per  cent.,  and  the  tinctures 
distilled  off  in  the  water-bath  to  the  consistence  of  syrup. 
This  liquid,  which  contains  amygdaline  and  sugar,  is  diluted 
with  water,  mixed  with  veast,  and  set  aside.  When  the 
fermentation  is  over,  the  whole  is  filtered,  and  again  evaporated 
to  a  syrup,  which  being  mixed  with  a  large  excess  of  cold 
alcohol  (of  94  per  cent.)  deposits  the  amvgdaline  as  a  white 
ciystalline  powder.  This  is  pressed  in  folds  of  bibulous  paper, 
and  finally  purified  by  repeated  crystallisation  from  boinng 
alcohol,  it  forms  crystalline  scales  veiy  soluble  in  water,  very 
sparingly  soluble  in  cold  alcohol,  but  more  soluble  in  hot 
alcohol.  It  has  a  bitter  taste.  When  heated  it  emits  an  odour 
like  that  of  May  blossom,  and  leaves  a  bulky  coal. 
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When  distilled  with  nitric  acid,  or  other  oxidising  agents,  it 
is  resolved  into  ammonia,  hydnret  of  benzoyle,  benzoic  acid, 
foimic  acid,  and  carbonic  acid.  Caustic  alkalies  convert  it 
into  ammonia  and  amygdalinic  acid :  permansanate  of  potash 
converts  it  into  cyanate  and  benzoate  of  potash. 

2.  Amjgdalfaiic  Acid.     C40  Hae  O94  +  HO. 

Prepared  by  boiling  amygdaline  with  baiyta  as  long  as 
ammonia  is  given  off,  and  then  removing  the  baryta  from  the 
soluble  amygdalinate  of  that  base  by  snlphuric  acid.  By  eva- 
poration it  yields  a  transparent  amorphous  mass,  which  has  a 
veiy  pleasant  acid  taste.  Nitric  acid,  and  other  oxidising 
agents,  convert  it  into  hyduret  of  benzoyle,  with  formic  and 
benzoic  acid.  Its  salts  are  almost  all  soluble  :  their  formula  is 
C4.H.«0a4  +M0. 

8.  Distilled  Water  of  Bitter  Almonds. 
Expressed  bitter  almonds  are  made  into  a  thin  cream  with 
water,  and  this  distilled  in  the  heat  of  a  chloride  of  calcium 
bath,  till  a  quantity  of  water  has  passed  over  equal  in  weight 
to  the  almonds  before  being  pressed.  The  distilled  water  is 
milky  from  suspended  oil  of  bitter  almonds,  and  smells  both  of 
hydiuret  of  benzoyle  and  of  hydrocyanic  acid.  When  freshly 
prepared,  it  contains  little  more  than  I  grain  of  hydrocyanic 
ada  ner  ounce ;  but  its  strength  diminishes  by  keeping,  and  as 
it  is  difficult  to  obtain  it  of  uniform  strength  even  when  fresh, 
it  is  not  a  good  form  of  administering  hydrocyanic  acid.  It  is 
remarkable,  that  nitrate  of  silver  does  not  detect  the  hydro- 
cyanic acid,  unless  ammonia  is  added  with  the  nitrate,  and 
after  a  time  neutralised  by  nitric  acid.  It  is  used  in  medicine, 
especially  on  the  Continent,  and  is  poisonous. 

4.  Laurel  Water. 
Obtained  by  distilling  two  parts  of  fresh  leaves  of  prunus 
lauroceranu  with  water  till  three  parts  have  passed  over.     It 
exactly  resembles  the  preceding  water,  and  is  equally  uncer- 
tain, and  equally  poisonous. 

THEOBT   OF  THE  FORMATION   OF  HYDTJRET  OF   BENZOYLS   FROM 
BITTER  ALMONDS. 

Bitter  almonds  contain,  like  sweet  almonds,  a  laige  quantity 
of  an  sJbuminous  or  caseous  matter,  called  emulsine  or  s^ynav- 
toie,  along  with  abundance  of  a  mild  fat  oil,  the  oil  of  almonas, 
yeiy  similar  to  olive  oil.  But  in  addition  to  these,  the  bitter 
almonds  contain  4  or  5  per  cent,  of  amygdaline,  which  is  not 
present  in  sweet  almoncU. 
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Now,  if  the  amysdaline  be  removed  by  boQinff  alcobol,  the 
residue,  when  distilled  with  water,  does  not  yield  a  trace  of 
the  volatile  oil  of  bitter  almonds.  Again,  if  the  residue  of  the 
bitter  almonds,  after  the  fat  oil  has  been  pressed  out,  be  heated 
to  such  a  point  as  to  coagulate  the  emmsine,  before  water  is 
added,  the  distillation  also  yields  no  vdaCile  oil,  even  altixoo^ 
the  amygdaline  be  present. 

These  facts  prove  that  the  production  of  the  volatile  oil  of 
bitter  almonds  depends  on  the  presence,  first,  of  amygdaline ; 
secondly,  of  soluble  emulsine ;  and  that  is  the  result  of  the 
mutual  action  of  these  bodies  on  each  other.  This  is  fioLither 
demonstrated  by  the  fact,  that  if  amygdaline  be  placed  in 
contact  with  the  emulsine  or  synaptaae  of  sweet  cUmomds, 
and  water,  distillation  of  the  mixture  now  yields  the  oil 
abundantly. 

When  the  solution  of  10  parts  of  amygdaline  in  100  of  water 
is  added  to  a  solution  of  1  part  of  83mapta8e  in  10  of  wafer, 
mutual  decomposition  at  once  takes  place :  the  liquid  acqnires 
the  odour  of  hyduret  of  benzoyle  and  of  hydrocyanic  acid,  and 
when  distilled,  yields  the  crude  oil  of  bitter  almonds,  which  is 
a  mixture  of  these  two  compoimds.  The  residue  of  the  distQ- 
lation  contains  sugar  in  such  quantity,  that  it  is  probable  the 
elements  of  the  83nBapta8e  have  contributed  to  mnn  it ;  and 
when  this  sugar  is  destroyed  by  fennentation,  a  fixed  acid  is 
found.  If  the  synaptase  has  bleen  coagulated,  it  has  not  the 
sli^test  action  on  amygdaline. 

When  the  expressed  bitter  almonds  are  moistened  with 
water,  the  very  same  reaction  occurs ;  and  if  enouch  water 
be  present  to  dissolve  the  oil  as  it  is  formed,  the  whole  amyg- 
daline disappears  in  a  short  time.  But  if  tiie  expressed 
almonds  be  thrown  into  boiling  water,  the  sjmaptase  coagu- 
lates, and  can  then  produce  no  change  in  the  amygdaline.  To 
obtain  the  full  proportion  of  oil,  1  part  of  expressed  almonds 
should  be  macerated  for  24  hours  with  20  parts  of  water  at 
about  102°,  and  then  distilled. 

100  parts  of  amygdaline  produce  47  of  crude  oil,  and  these 
47  parts  of  crude  oil  contain  almost  exactly  6  of  anhydrous 
hydurocyanic  acid ;  so  that  17  grains  of  amygdaline  dissolved 
in  1  oz.  of  emulsion  of  sweet  umonds,  yields  a  mixture  con- 
taining 1  grain  of  dry  hydrocyanic  ada,  and  consequently  of 
the  same  strength  as  the  distilled  water  professes  to  be.  This 
mixture  has,  besides,  the  advantage  of  containing  the  hyduiet 
of  benzoyle  present  in  the  distilled  water,  to  which  is  peiiiaps 
owing  the  superiority  of  the  distilled  water  of  bitter  lumonds 
on  laurel  leaves  over  mere  diluted  hydrocyanic  add,  a  snperi- 
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orif^  which;  according  to  the  Continental  phyneians,  ia  veiy 
decided  and  obvious.  The  above  simnle  recipe,  given  by 
liebig  and  Wohler^  is  admirably  adapted  for  extemponmeons 
nse,  and  the  mixture  ought  never  to  oe  made  in  a  laiger  qnan" 
tity  at  a  time,  as,  like  the  distilled  water,  it  alters  by  keeping. 
In  the  above  remarkable  decomposition,  we  have  a  vexy 
beautiful  example  of  a  metamorphosis  in  which  the  elements 
of  two  bodies  take  a  share ;  bnt  as  the  whole  of  the  products 
are  not  yet  exactly  known,  and  even  the  composition  of  the 
emnlsine  or  sjrnaptase  is  uncertain,  we  cannot  explain  the 
whole  change  with  precision.  We  know,  however,  thai  from 
1  eq.  amy^daline,  C40  NHtr  Ots,  the  following  compounds 
may  be  denved  :— 

1  eq.  hydrocyanic  add     .        •         .        .  Ca  NH 

2  eqs.  hyduret  of  benzojle          .         .     .  Csa  His  O4 
•I  eq.  BOgar Ce  Ha    Oa 

3  eqa.  formic  add C4  Ha    0« 

7  eqa.  water H7    Of 

1  eq.  amygdalnie CUo    NHar  Osa 

Also,  1  eq.  amygdalinic  acid^  C«o  Has  O94,  may  yield  :-^ 

3  eqa.  formic  acid Ca    Ha    O0 

2  eqa.  hydnret  of  beiiz<^le  .        .     .  Caa  Hia  0« 

i  eq.  aogar  Ca    Hs    Oa 

6  eqa.  ^ter He    0« 

1  eq.  amygdalinic  add    ....     C40  Haa  0a4 

Now,  we  can  trace  all  these  products  among  the  results 
of  this  tiansformation  ;  and,  it  is  probable,  not  omy  that  there 
is  more  sugar  than  can  be  accounted  for  by  the  amygdaline, 
but  also  that  other  products,  not  yet  known,  are  forn»d :  as, 
for  example,  the  fixed  acid  above  alluded  to.  The  emulsine 
or  synaptase,  which  produces  this  remarkable  change  in  amyg- 
daline, in  which  it  itself  participates,  contains  nitrogen,  is 
sohible  in  wate^  coagulable  by  heat,  and  in  short  very  analo- 
gous both  to  albumen  and  caseine,  along  with  which  we  shall 
again  notice  it.  Ia  the  almond  it  appears  to  be  accompanied 
by  albumen. 

We  have  seen,  above,  that  the  assumption  of  the  existence 
of  the  TflMJical  benzoyle  brings  a  number  of  compounds  into  a 
more  easily  understood  form,  and  very  materially  aids  the 
memory  by  enabling  us  to  classify  these  compounds  as  analo^ 
gons  to  others  better  known.  Other  views  may  be  taken  of 
this  series  of  oamponnds :  for  example,  according  to  Damai^ 
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hyduret  of  benzoyle  may  be  represented  as  a  compound  of  ben- 
zoic acid  with  a  carbo-hydrogen  :  2  Ci  4  He  Os  +(Cn  H») 
Hj  :  benzoic  acid  being  the  teroxide  and  the  carbo-hydrogen 
the  terhyduret  of  the  body,  Ci*  H.  :  for  2  (Ci*  H»)  Oj  -f 
(C,4  HO  H.  =  C4.  HfO.  =  3(C.*H.  Oa)=3BiH. 
The  same  view  might  be  extended  to  some  of  the  other  com- 
pounds  of  benzoyle,  but  it  is  complex,  and  cannot  well  be 
applied  to  benzamide,  hydrobenzamide,  and  several  others. 
Again,  according  to  Mitscherlich,  benzoic  acid  is  Ct*  H«  + 
2  C  0»  ;  that  is, benzole  plus  2  eqs.  carbonic  acid ;  while  a  dry 
benzoate  would  contain,  united  to  the  base,  the  hypothetic^ 
body  beneide,  Ci  9  Hs,  and  the  equally  hypothetical  anhydrous 
ox^ic  acid,  Ca  Oa.  These  views  appear  both  to  be  in  all 
respects  inferior  to  that  which  we  have  adopted,  and  which 
must  be  retained,  until  a  better  shall  be  proposed.  If  I  under- 
stand rightly  some  expressions  in  a  recent  paper  by  Laurent, 
that  chemist  considers  hyduret  of  benzoyle,  Ui «  Hs  0«  &  as  the 
oxide  of  a  radical  benzene;  but  it  does  not  appear,  whether  it 
is  (Ci  4  Ha)  -F  0«  or  (Ci  4  H.  0)  +  O.  The  term  oxide  of 
benzene,  however,  may  be  applied  to  one  of  the  isomeric  modi- 
fications of  the  hydui'et. 

XIV.  Salicyle.    Ci4  H«  04»Sa. 

This  is  the  h3rpothetical  radical  of  a  remarkable  series  of 
compounds;  and,  as  such,  belongs  to  the  same  group  as  ben- 
zoyle. Its  most  interesting  compound  is  the  hyduret  of 
salicyle,  which  we  shall  therefore  first  consider. 

1.  Hjduret  of  Salicjle.     Cx4  Hs  O4,  H^Sa  H. 

Syn.  Saluyhus  add. — This  compound  is  found  as  the 
chief  ingredient  in  the  essence  of  meadowsweet,  that  is,  the 
essential  oil  obtained  by  distilling  the  flowers  of  tpircea 
tUmaria  with  water.  It  is  probable  that,  like  the  essence  of 
bitter  almonds,  it  is  formed  by  the  metamorphosis  of  a  com- 
pound or  compounds  present  in  the  flowers.  The  crude 
essence  is  distiUed  with  a(}ua  potasss,  which  combines  with 
the  hyduret,  and  an  oil  distils  over  which  seems  to  be  a  carbo- 
hydrogen.  The  salt  of  potash  being  now.  redistUled  with  a 
Slight  excess  of  dilute  sulphuric  acid,  yielos  the  pure  hyduret 
of  salicyle. 

It  mav  also  be  obtained  by  distilling  one  part  of  salicine,  one 
part  of  bichromate  of  potasn,  two  and  a  half  of  oil  of  vitriol, 
and  twenty  of  water,  together.  The  salicine  is  dissolved  in 
part  of  the  water,  and  the  acid  diluted  with  the  rest.  The 
mixture  is  then  made  in  a  retort,  and  after  the  effervescence 
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wbich  takes  place  is  over,  the  whole  is  distilled,  and  yields 
the  hjdarety  to  the  amount  of  one-fourth  of  Uie  salidne 
employed. 

Hyduret  of  salicyle  is  an  oily  colourless  liquid,  having  a  fra- 
grant aromatic  odour  and  a  burning  taste.  Its  Sp.G.  is  1*1731, 
and  it  boils  about  380**.  With  clSorine  and  bromine  it  forms 
new  compounds.  With  bases  it  forms  salicylurets,  water  being 
separated.  HSa  +  MO  =  HO  +  MSa,  so  that  it  has  the 
characters  of  an  acid. 

SaUqfhtret  of  ammonium,  Sa,  NH«,  is  formed  when  con- 
centrated ammonia  is  poured  upon  hyduret  of  salicyle.  It  is  a 
yellow  solid,  having  a  faint  odour  of  roses.  When  moist,  this 
salt  is  decomposed  spontaneously,  becoming  black,  and  aving 
off  ammonia  and  an  odour  like  that  of  roses.  With  dry 
ammoniacal  gas,  hyduret  of  salicyle  forms  the  compound 
3SaH-h2NH3. 

.  8aluylim4de,  C4»NsHis08,  is  formed  when  caustic  am- 
monia IS  added,  drop  by  drop,  to  a  solution  of  I  vol.  hyduret 
of  sali^le  in  3  vol.  alcohol,  and  the  smaU  yellow  crystals 
which  first  formed  are  dissolved  by  a  gentle  heat.  On  standing, 
salicylimide  appears  in  the  form  of  golden  yellow  bnlli&nt 
prisms.  It  is  formed  from  3  eqs.  hyduret  of  salicyle  and  2  eqs. 
of  ammonia,  by  the  separation  of  6  eqs.  water,  3  (Ci «  Ha  O4) 
+  2NH.— 6H0  =  C4«N.Hia0«.  As  it  is  no  longer 
soluble  in  the  liquid  from  which  it  was  first  deposited,  it 
is  probable  that  the  yellow  salt  first  formed,  which  dissolved 
in  the  alcohol  by  aid  of  a  gentle  heat,  was  salicyluret  of 
ammonium,  which,  by  excess  of  ammonia,  was  converted  into 
salicylimide. 

The  salts  of  the  hyduret  of  salicyle  or  hydrosalicylic  acid, 
are  constituted,  for  the  most  part,  according  to  the  formula 
8a  M.  The  potassium  salt  Sa  K,  when  exposed  to  the  air 
in  a  moist  state,  becomes  first  green,  then  black.  When  Uie 
change  is  complete,  water  dissolves  acetate  of  potash,  and 
leaves  a  black  matter,  mdanic  acid,  Ci  0  H4  Os :  1  eq.  of  sali- 
cyhaxei  of  potassium,  2  eqs.  water,  and  3  eqs.  oxygen,  contain 
tne  elements  of  1  eq.  acetate  of  potash,  and  1  eq.  melwic  acid, 
C*  H.  O4,  K  -fl^  HO  -f-  O,  =C4  H,  04,K  -h  Co  H*  Os. 
Melanic  acid  combines  with  bases. 

Ettling  and  Stenhouse  have  shown  that  when  the  salicyluret 
of  copper,  Cu  Sa  =  Ct4Hs  O4  +  Cu,  and  the  benzoate  of 
copper,  Cu  0,  Ci 4  Hs  Oa,  which  is  isomeric  with  it,  are  dis- 
tilled, several  new  products  are  formed.  Among  these  are 
salicylic  acid  and  two  crystalline  neutral  compounds. 

Panuakcyle  is  a  product  of  the  action  of  heat  on  salicyluret 
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(lalicylite)  of  eopper.  Its  formula  is  Ci  4  Hs  Oa,  and  it  haa 
tke  compositioii  of  anhydrous  iMnioicacid,  or  of  sali^lons  acid, 
(h^rduret  of  salicyle  yiewed  as  an  oxygen  acid^,  as  it  exists 
in  its  salts.  The  copper  salt  firom  whicfa  it  is  rormed  may  be 
represented  either  as  Ct «  Hs  O4+C11,  or  as  Cn  0,  Ct «  Hs  0«. 
Parasalicyle  is  fusible  and  vc^tile,  and  only  attacked  by  stroQg 
acids. 

When  benioate  of  copper  is  dislalled,  there  is  formed, 
besides  salicylic  acid,  a  neutral  volatile  ciystaUine  componndy 
which  contains  1  eq.  oxygen  less  than  paiasalicyle,  and  the 
formnla  of  which  b  ccMiseqaently  Ci «  Hs  Ot.  It  is  theiefbte 
isomeric  with  benzile,  and  has  the  composition  of  the  radical 
benxoyle.  Indeed,  as  it  yields  benxoic  acid  when  acted  on  by 
potash,  while  benadle  3rields  benziHc  acid,  it  may  y eir  probably 
oe  that  radical.  It  has  not,  however,  been  named  by  Ettli^g, 
who  discovered  it. 

%  Sdicjfic  Acid.  (Ci4H«04)0,H0=Sa0,H0=Sa0sH. 

Formed  when  faydnret  of  salicyle  is  heated  with  hydrate  ol 
potash  till  the  mass  loses  its  brown  colour.  Hydrogen  is  given 
ofif,  and  salicylate  of  potash  is  formed.  Hydrochloric  acid, 
added  to  the  solution  of  this  salt,  causes  Uie  deposition  of 
crystals  of  salieylic  acid. 

The  same  acid  is  formed  when  ooumarine.  the  steaiopteBeor 
camphor  of  the  tonka  bean,  is  acted  on  oy  caustic  potash. 
Moreover  the  essential  oil  of  winter-green,  or  ChmUkeria  pro^ 
tumibmty  appears,  by  the  researches  of  Cahours  and  Q«:hafdy 
to  be  the  salicyiate  of  oxide  of  methyle.  The  add,  there- 
fore, is  most  readily  obtained,  by  gently  heating  this  oil  with 
a  slight  excess  of  potash,  and  afterwards  adding  an  acid,  when 
the  salicylic  acid,  being  very  n>aringly  soluble,  is  deposited. 
It  is  easily  purified  by  reeiystailiBation,  and  sometimes  forms 
crystals  one  or  two  indies  in  length. 

Salicylic  acid  crystallises  in  tufts  of  slender  prisms,  very  like 
benzoic  acid.  It  may  be  sublimed  without  decompomtion. 
The  formation  of  this  acid  from  hyduret  of  salicyle  is  very 
simple :  Ct4  H*  O4, H  +  K  O,  H  0=  C,4  JI.O.,KO -h  Ha. 
When  the  salicylate  of  potash  is  decomposed  by  an  acid,  the 
salicylic  add  takes  up  1  eq.  of  basic  water,  and  sepaiates  as 
Ct4HiO»,HO,orCi4HsO«,  H.  The  decompositioaa  of 
this  add  are  veiy  interesting,  connecting  it  with  several  othsr 
series  of  or|;anic  compounds. 

When  it  is  acted  on  by  nitric  add,  it  is  first  converted  into 
ind^tic  add,  w  anilic  add,  Ci4H4NO»,H09aloi|gwith 
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Otto  prodnds ;  and  by  the  Gontmned  Action  of  nitric  acid, 
there  IS  finally  produced  the  remarkable  bitter  add,  called 
carbazotic,  or  nitropicric  add,  Cis  Ha  Ks  Oia^HO.  Both 
these  adds  are  formed  from  indigo  by  the  action  of  nitric  add« 

When  salicylic  add  is  distilled  with  caustic  baryta,  it  yields 
carbonate  of  baijrta,  and  a  heavy  oily  liquid,  which  is  the  acid 
known  as  carbolic  add  (Runge),  and  hydrate  of  phenyle  (Lau- 
rent), the  formula  of  wtiich  is  Ci «  He  Ot  s=  d •  Hs,  0,  H  0. 
The  production  of  carbolic  add  from  salicylic  acid  is  easily 
understood :  it  is,  in  fact,  analogous  to  that  of  benzine  from 
benzoicadd.  C14H5  Os,  H0  + 2BaO  =  2(BaO,COJ  + 
Cls  H«  0».  As  the  action  with  baiyta  is  so  violent  as  to 
destroy  a  ^reat  part  of  the  acid,  it  is  found  better  to  heat 
npidly  sahcylic  add  mixed  with  powdered  glass,  when  it  m 
resolved  into  carbolic  and  carbonic  acids. 

Now  it  is  veiy  remarkable,  that  carbolic  add,  which  is  one 
of  the  chief  ingredients  of  the  oil  of  coal  tar,  a  product, 
therefore,  of  the  destructive  distillation,  is  also  converted  by 
the  aetion  of  nitric  add  into  nitropicric  acid.  This  would 
indiofkte  that  when  salicylic  acid  is  acted  on  by  nitric  acid,  it 
yields,  first,  some  compound  containing  the  same  radical  as 
carbolic  and  nitropicric  add,  and  that  this  is  further  oxidised 
into  the  latter  add.  We  shall  hereafter  see  that  the  probable 
radical  of  carbolic  acid  is phSne,  Ci  9  Oo,  from  which,  by  sub- 
stitution and  oxidation,  carbolic  and  nitropicric  acids,  and  a 
whde  series  of  compounds,  may  be  formed. 

On  the  whole,  from  its  relation  to  hyduret  of  salicyle  and  to 
aalknne  (from  whidi  it  may  also  be  formed  by  the  action  of 
caustic  potash),  frt>m  its  analogy  in  formation,  constitution,  and 
properties  to  benzoic  acid,  from  its  occurrence  in  nature  in  the 
nnt  compound  of  meth^le  not  artificially  produced,  and  from 
its  ready  convertibility  mto  indigotic  acid,  carbolic  add,  and 
nitropicric  add,  salicylic  add  is  a  compound  of  very  great 
interest. 

The  salts  of  salicylic  acid  have  the  general  formula  Ci4 
H«  Os,  MO  or  Ci4  H«  0<i,  M.  The  salicylate  of  oxide  of 
methyle,  Ca  Ha  0  +  Ci «  Hs  Oc,  occurs  in  ue  essential  oil  of 
GauUMria  procu/mbens,  and  is  much  used  in  perfrunery.  It 
gives  rise  to  a  number  of  remarkable  products,  when  subjected 
to  the  action  of  nitric  acid,  chlorine,  bromine,  alkalies,  &c. ; 
bat  all  these  things  will  be  treated  of  in  their  proper  places. 

3.  ChloroMlieylic  Aekl.    O14  Hs |  ^!^, or  Ct4  Hs  O4,  CI. 
When  dry  chlorine  is  made  to  act  on  dry  hyduret  of  sali- 
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cjle,  this  compound  is  fonned,  along  with  hydrochloric  add ;  it 
crystallises  readily,  and  may  be  sablimed  unchanged.  lis 
fonnation  is  entirely  analogous  to  that  of  chloride  of  benzoyle, 
and  it  might  be  viewed  as  chloride  of  salicyle,  Ci4  Hg  O4, 
Cl=Sa  CI.  But  its  properties  are  those  of  an  acid,  and  hence 
we  are  compelled  to  consider  it  as  salicylic  acid,  C14  Hs  Os, 
in  which  1  eq.  oxygen  has  been  replaced  by  1  eq .  chlorine, 
the  type  remaining  unchanged.    Hence,  after  this  substitution, 

it  is  still  an  acid,  and  its  true  formula  is  Ci «  Hs  \  q^  an  acid 

of  the  type  of  anhydrous  salicylic  acid. 

With  ammonia  it  forms  a  new  compound,  chlorasalkyUmide. 
As  in  the  action  of  ammonia  on  hyduret  of  salicyle,  so  in  this 
case,  2  eqs.  ammonia  act  on  3  of  the  acid,  and  6  of  water  are 
separated.  The  formula  of  chlorosalicylimide,  which  is  a  yel- 
low, insoluble  solid,  is  Ctt  Hts  N«  Ch  0<i  ;  for  3  (Ct4  H* 
CI  O4)  -h  2NH,  =6  HO  -h  C4, H,  5  ChN.O..  It  is,  in  feet, 
salicylimide  in  which  3  eqs.  chlorine  have  been  substituted  for 
3  eqs.  hydrogen. 

With  bromine  and  iodine,  hyduret  of  salicyle  yields  the  two 
analogous  compounds,  bromosalicylic  acid,  ana  iodosalicyHc 

acid;  C,4H.  |^;andCt4H»    \^\ 

4.  Kitrosalicylic  Add,  C14  Hs  NOio=rCi4  H4  N0»,  HO. 

Stn.  Anilie  acid,  Indigctic  acid, — This  acid  is  formed  by 
the  action  of  nitric  acid  on  hyduret  of  salicyle,  or  still  better, 
on  salicylic  acid.  It  forms  yellow  prisms,  and  with  bases, 
yields  yellow  detonating  salts.  Ammonia  colours  it  blood-red, 
and  perchloiide  of  iron  cherry-red.  It  would  appear,  accord- 
ing to  the  above  formula,  denved  from  the  analysis  of  Piria, 
to  be  salicylic  acid,  in  which  1  eq.  nitrous  (hyponitric)  acid  is 
substitutea  for  1  eq.  hydrogen.  But  its  characters,  and  those 
of  its  salts,  are  such  as  to  convince  us  that  it  is  identical  with 
indigotic,  or  anilie  acid ;  under  which  names  we  shall  have 
again  to  treat  of  it. 

Appendix  to  Salicyle. 
6.  Salicinc.     Cae  Hi80i4=GiaHioOio  +  Ct4  Hs  O4. 

This  compound  occurs  in  the  bark  of  all  such  willows  as  are 
bitter,  such  as  Salix  helix,  S.  amygdalina,  &c.  It  is  extracted 
by  boiling  with  water,  decolorising  the  decoction  with  litharge, 
removing  the  lead  dissolved  by  sulphuric  acid  and  sulphuret  of 
barium,  and  evaporating  to  a  syiiip.  The  salicine  cr3rstallises 
on  standing,  in  fine  scales  of  a  silky  lustre,  which  have  a  Tery 
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pure  bitter  taste,  and  are  higbly  febrifiige.  It  is  neutral, 
soiable  in  water  and  alcohol,  insolnble  in  ether.  Oil  of  vitriol 
colours  it  blood-red.  Distillfed  with  bichromate  of  potash 
and  sulphuric  acid,  it  yields  formic  and  carbonic  acids,  nydu- 
ret  of  salicyle,  and  a  resinous  matter. 

6.  Saligenine.     Ci4  H»  O4. 

The  recent  researches  of  Piria  haye  yeiy  ffreatly  extended 
our  knowledge  of  salicine.  The  formma  above  given 
for  salicine  is  deduced  from  his  analyses,  and  he  has 
shown  that  by  contact  with  synaptase,  salicine  is  decom- 
posed, being  resolved  into  wgar,  Ci »  Hi 0  Oi o,  (which  takes 
up  4  eqs.  of  water  and  appears  as  grane  su^,  Gi»  Hi« 
O14)  and  a  new  body,  scUigenine,  Cm  Ha  O4.  When  the 
metamorphosis  is  complete,  which,  with  200  parts  of  water, 
and  3  parts  of  synaptase  for  60  of  salicine,  and  a  temperature 
of  106°,  takes  place  in  24  hours,  most  of  the  saligenine  sepa- 
rates in  crystals,  being  very  sparingly  soluble  in  cold  water, 
and  the  rest  is  obtained  by  agitating  the  solution  with  ether, 
which  dissolves  the  saligenine.  The  aqueous  liq^uid  is  now 
found  to  contain  only  grape,  sugar,  and  the  residue  of  the 
synaptase. 

Saligenine  melts  at  180^,  and  form  on  cooling  a  crystalline 
mass.  It  appears  to  form  a  combination  with  potash,  but 
when  it  is  heated  with  that  alkali,  hydrogen  is  disengaged  and 
salicylic  acid  is  formed.  Several  oxiddsin^  agents  convert 
saligenine  into  hyduret  of  salicyle,  from  which  it  dififers  only 
by  containing  2  eqs.  of  hydrogen  more.  Aqueous  solutions  of 
perchloride  of  iron  and  of  salts  of  peroxide  of  iron  strike  an 
mdigo  blue  with  saligenine ;  but  this  colour  is  not  formed 
when  alcoholic  or  etherial  solutions  are  used.  The  blue  com- 
pound has  not  been  separated.  When  heated  to  a  certain 
pointy  or  boiled  with  acids,  saligenine  is  converted  into  salire- 
tine,  a  body  which  is  also  obtained  when  salicine  is  boiled 
with  dilute  acids,  and  which  is  no  doubt  in  this  latter  case 
derived  from  the  saligenine  contained  in  the  salicine.  Salire- 
tine  will  be  described  presently. 

As  it  appears  certain  from  the  experiments  of  Piria  that 
salicine  is  composed  of  saligenine  and  sugar,  the  products  of 
various  reactions  on  salicine  will  be  generally  tnose  on  a 
mixture  of  saligenine  and  sugar.  It  will  therefore  be  better 
to  describe  in  connection  the  substances  produced  from  sali- 
genine, and  those  formed  from  salicine. 

By  the  action  of  chlorine  on  salicine,  there  are  formed  three 
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compoandfl  aaial<^goiu  to  flalicine,  in  vliich  1,  2,  and  3  eqs.  of 
hydrogen  are  ie|»laced  by  chlorine. 
These  are  .* — 


Chloroadicine    .    . 

.     .     Cae  ^j*'     014  +  4iq. 

BIchloroMlidne      . 

'  •  ^"cuf^'*-^^^' 

TercUonMlieiiie    .    < 

.     .    C.e^-}0.4  +  2«i. 

These  compounds  are  all  oryttaUised,  and  all  of  them,  like 
salicine,  are  decomposed  by  fermentation  in  contact  with 
synaptase  into  sugar  and  a  body  deriyed  from  sali^j^enine. 
Thas  we  have  : — 

ChloroMJidne  =:  Sugar  +  ChloroMligemne, 
^••a  '  }Oi4  =  CiaHioOio  +  Cla^^Xoa; 
BichloroMJidne  =r  Sugar  +  BichlorooiligeniDe, 
C«e^j*^'].0»4=CxaHioOio  +  Ci4  ^j'^  ].04; 

and 
TercUopoaalaciBe  =  Sugar  +  Tercfaloroaaligeniiie, 

Cae^j'^*lo.4  =  CiaHioOio  +  Ci4^j*|o4. 

Chlorosaljgenine  forms  very  fine  crystals,  and  is  singularly 
like  saligenine  in  its  ontward  characters.  It  coloors  oil  of 
vitriol,  however,  green,  whereas  saligenine  colours  it  red,  as 
does  also  salicine.  The  two  other  compounds  are  obtained 
with  much  peater  difficultjr  by  the  action  of  synaptase  or 
Bichlorosalicme  and  Tercnlorosalicine  owing  to  the  very 
sparing  solubility  of  these  compounds.  But  their  existence 
has  been  established. 

7.  Saliretine. 

When  saligenine  is  boiled  with  diluted  acid,  or  heated 
beyond  its  melting  point,  it  is  changed  into  a  resinous 
substance,  which  differs  from  saligenine  only  by  2  eqs.  water. 
Its  empirical  formula  is  Ci «  Hs  0>,  and  therefore  it  is  isomeric 
or  polymeric  with  hyduret  of  benzoyle. 

it  appears  that  Chlorosaliffenine,  Bichlorosaligenine,  and 
Terchlorosali^nine  also  yield  resins  when  boiled  with  acids, 
and  these  resms  are  in  alf  probability  derived  from  saliretine, 

and  composed  of  C*  ci  f  ^»>  ^'^Ch  |^''^**as  I  ^'• 
If  so,  they  will  be  named  Chlorosaliretine,  Bichlorosaliretine, 
and  Tercmoroaaliretine. 
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8.  Helidne.  Cae  Hi«  Oi4  =  CiaHtoOio  +  C14H0O4. 

This  compound  is  formed  when  salicine  is  acted  on  by 
diluted  nitric  acid.  When  pure  it  forms  small  white  needles, 
which  contain,  in  addition  to  twice  the  above  formula,  3  eq. 
of  water  of  crystallisation.  Helicine  contains  the  elements  of 
sugar  and  hyduret  of  salicyle,  and  is-  actually  resolved  into 
them  by  synaptase,  and  in  other  ways.  It  is  no  doubt  formed 
by  the  oxidation  of  the  saligenine  producing  hyduret  of  sali- 
cyle,  which  then  unites  with  the  sugar  to  form  helicine. 

Helicine,  when  heated  to  347*',  is  converted  into  an  insolu- 
ble resinous  mass. 

When  tile  oxidation  of  salicine  is  carried  further,  the  sugar 
is  destroyed,  and  yields  formic  and  carbonic  acids  ;  but  when 
the  oxidation  is  insufficient  to  form  helicine,  there  is  pro- 
duced a  body,  heliecidinej  the  empirical  formula  of  which  is 
C59  H34  O98  +  3  eq.  =  2  eq.  sugar,  C94  H>o  Oao  ;  1  eq. 
hyduret  of  salicyle,  Ci4  Ha  O4 ;  and  1  eq.  saligenine,  Ci4 
Hs  O4. 

By  the  action  of  chlorine,  helicine  yields  chlorohelicine 

Hi    ) 
Css  ^2  *  S  0i4,  which  is  formed  of  sugar  and  chloride  of 

salicyle,  Ci  t  Hi o  Oi  o  +  C.  *  ^2*  |  O4.      With    bromine  it 

yields  a  similar  compound. 

Butiline  is  the  name  given  to  the  red  compound  formed  by 
the  action  of  oil  of  vitriol  on  salicine.  When  pure  it  is  of  a 
deep  reddish-brown  colour :  acids  chaDge  it  to  a  bri^t  red, 
alkalies  to  a  deep  violet. 

9.  Phloridzine.     C4fi  H90  084  =048  Has  Oi n  +  6  H  O  t 

This  is  a  substance,  very  analogous  to  salicine,  which  occurs 
in  the  bark  of  the  roots  of  the  apple,  pear,  plum,  &c.  It  is 
extracted  in  the  same  way  as  salicine,  and  resembles  it  much  ; 
forming  small  scales,  soluble  in  hot  water,  and  in  alcohol,  very 
bitter,  and  powerfully  febrifage.  When  boiled  with  dilute 
sulphuric  acid,  it  yields  a  resinous  compound,  pMoreHne^ 
analogous  to  saliretine,  along  with  grape  sugar.  Phloretine  is 
CjoHis  0.o  =  C3oNi4  09.  HO?  andCsoHis  Oio  +  C, 
Hi40i4  =  C4  9Htf90a4.  According  to  Stas,  however,  phlo- 
retine is  Cs  Hj  O9,  or  double  or  quadruple  of  this.  The  com- 
pound of  phloretine  with  oxide  of  lead  he  found  to  be  Ci« 
Hft  Os,  2  Pb  0 ;  which  would  indicate,  for  hydrated  phlo- 
retine, C,  a  Hs0*,2H0  =  C.«H5  04,  HO  =  C.»H7  0.  ? 

By  the  action  of  nitric  acid  on  phloridzine,  there  is  formed  a 
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pnce-coloared  acid,  nitrophloretic  add,  which,  according  to 
Piria,  is  Cso  His  NOis ;  according  to  Stas,  C24  Hto  NOi«. 

PhloridzHne,  C«»H>9N>0*8f  When  moist  phloridziiie 
is  exposed  to  air  and  ammonia,  it  is  transformed  into  a  deep 
red  compound,  which  dissolyes  in  ammonia,  and  may  be  preci- 
pitated by  acids.  It  is  equal  to  phloridzine,  plus  8  eqs.  oxygen, 
and  2  eqs.  ammonia.  When  dissolved  in  ammonia,  and  dried 
in  vacuo,  it  leaves  a  purple  mass,  with  coppeiy  lustre,  which 
communicates  to  water  a  splendid  blue  colour.  This  is  a  com- 
pound of  phloridzeine  and  1  eq.  ammonia.  The  formation  of 
this  blue  jpigment  is  a  veiy  good  example  of  that  kind  of  erema- 
causis  with  the  aid  of  ammonia,  by  which  indigo,  litmus, 
orchil,  &c.  are  produced  from  colourless  bodies. 

When  salicine  was  supposed  to  be  C4S  H99  Oav,  phlorid- 
zine  appeared  to  differ  from  it  by  only  2  eqs.  oxygen  ;  but 
as  that  formula  for  salicine,  according  to  Piria,  is  erroneous,  it 
is  most  probable  that  the  formula  of  phloridzine  will  require 
to  be  changed.  It  is  therefore  marked  as  doubtful,  along  with 
its  derivatives. 

XV.    ClNM AMTLB.      C 1  •  Hs  Os  =  Cl. 

The  radical  of  essence  of  cinnamon,  but  unknown  in  a  separ 
rate  form. 

1 .  Hjdant  of  Cinnunyle.     Ci  H  =  Cis  H9  08=  Ca •  Ht  Ot,  H. 

This  is  the  purified  essence,  or  oil  of  cinnamon.  The  oil  of 
commerce  contains,  besides,  cinnamic  acid  and  two  resins,  all 
of  which  have  been  produced  from  the  original  oil,  Ca  o  H 1 1  Os 
by  the  additions  to  3  eqs.  of  it,  of  8  eqs.  oxygen.  3  (C>  o  H  >  i 
O2)  +  Ot  =  C 1  •  Hi  O4 (cinnamic acid)  +  Ci  a  Hi  0  (a resin) ; 
4-  Cjo  His  O4  (another  resin),  -h  6  rfO.  With  less  oxygen, 
hyduret  of  dnnamyle,  Cis  Hs  Oa,  is  formed,  along  with  the 
resins,  so  that  the  oil  of  commerce  contains,  besides  the  original 
oil,  all  the  compounds  above  mentioned. 

The  hyduret  of  cinnamyle,  Ci  H,  is  a  fragrant  oil.  It  forms, 
with  nitric  acid,  a  crystalline  compound,  Ci  H  -f-  NOs,  which, 
when  mixed  with  water  \&  resolved  into  its  constituents, 
hyduret  of  dnnamyle  and  nitric  acid.  When  the  hyduret  is 
exposed  to  the  air,  it  absorbs  oxygen,  producing  cinnamic  add, 
CiO,  HO=C..H.  O3,  HO. 

The  fresh  oil  of  cinnamon  is,  as  has  been  stated,  Cto  Hi  1 
0«.  With  6  eqs.  oxygen  from  the  air,  it  yields  hyduret  of 
cinnamyle  and  the  two  resins :  with  2  eqs.  more,  the  hyduret 
passes  into  cinnamic  acid.  With  oil  of  vitriol,  3  eqs.  of  the 
fresh  oil  =  Ceo  Hsj  Oo,  lose  3  eqs.  water,  and  form  two 
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resins,  one  =  Cjo  His  O;  the  other  =  C3o  His  0,.  With 
hydrochloric  acid,  it  yields  an  oil  and  two  resins;  one,  do 
Ht  0;  the  other  Ci4  H«  O. 

2.  Cinnamlc  Add.    Cie  H?  Os  +  H  0  =  Ci  O, H  O. 

Formed  hj  exposing  oil  of  cinnamon  to  the  air.  It  is  most 
easily  obtained  by  dissolying  the  oil  of  balsam  of  Peru  in  an 
alcoholic  solution  of  potash,  evaporating  to  dryness,  dissolving 
in  hot  water,  and  adaing  to  the  solution  of  cinnamate  of  pota^ 
an  excess  of  hydrochloric  acid.  It  cirstallises  very  readilpr,  and 
may  be  sublimed.  By  the  action  ox  nitric  acid,  cinnanuc  acid 
is  converted  into  hyduret  of  benzoyle,  and  into  an  acid  very 
similar  to  benzoic  acid,  if  not  identical  with  it.  When  cinna- 
mic  acid  is  added  to  cold  nitric  acid,  it  forms  an  acid,  C  i  • 
H?  N0«  =  Ci8  Hi  O4  —  H-f-  NO4  ;  that  is,  cinnamic  acid, 
in  which  1  eq.  of  nitrous  acid  is  substituted  for  1  of  hydrogen ; 

Cia   I  -^Q    O3,  HO.    This  is  nitrodnnamic  add.    Its  salts 

detonate  when  heated.  With  oxide  of  ethyle,  it  forms  a  crys- 
tallisable  ether,  Ae  0,  Cis  Ha  NO 7.  When  oil  of  cinnar 
mon  is  mixed  with  fuming  sulphuric  acid,  there  is  formed,  ac- 
cording to  Herzos,  a  new  acid,  sulphocinnamic  acid,  the  for- 
mula of  which  is  Gi  8  H6  Of,  2SOs  -h  2  HO  =  Ci  e  Hs  Oi  0  S2. 
It  is  bibasic,  and  almost  all  its  salts  are  soluble. 

When  oil  of  cinnamon  is  acted  on  by  nitric  acid  with  the 
aid  of  heat,  it  ^elds  benzoic  and  nitrobenzoic  acids.  By  the 
action  of  chlorine,  oil  of  cinnamon  is  converted  into  several 

(  H 
new  products,  one  of  which  is  chlorocinnase,  Ci  a  <  qi*  q  •  ^^ 

is  hyduret  of  cinnamyle  in  which  4  eqs.  of  chlorine  are  substi- 
tuted for  4  eq.  of  hydrogen. 

Baisam  of  Peru  contains  compounds  connected  with  cinna- 
myle. The  principal  is  an  oil,  ctnnameine,  which,  when  boiled 
with  alkalies,  yields  cinnamic  acid  and  a  neutral  oily  body, 
penmne,  Cis  H19  Oa,  Ginnameine,  heated  with  dry  potash, 
yields  hydrogen  gas  and  pure  cinnamate  of  potash.  When 
exposed  to  cold,  cinnameine  deposits  ciystals,  which  have  the 
same  composition  as  hyduret  of  cinnamyle,  and  are  therefore  an 
isomeric  modification,  analogous  to  benzoine. 

According  to  Bichter,  balsam  of  Peru  contains  two  distinct 
oils,  myroxilinef  insoluble  in  alcohol,  and  myriaspermine,  soluble 
in  alcohol.  With  an  alcoholic  solution  of  potash,  myriosper- 
mine  yields  an  acid  resembling  cinnamic  acid,  but  different  from 
it,  myriospermie  acid. 

r  c  2 
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Balsam  op  Tolu. 
Tolene  ;  BeDZoene. 

According  to  Deville,  Balsam  of  Tola  contains  benzoic  acid, 
and  a  body  isomeric  with  hyduret  of  benzoyle ;  also,  ciniAameine, 
and  a  liquid  carbo-hydrogen,  toiene,  the  fonnula  of  which  is  C  > « 
Hi  • ;  besides  several  resins,  and  another  liqnid  carbo-hydrogen, 
analogous  to  benzole,  the  name  given  to  which  is  bensoene,  and 
its  formula  Ci «  Hs.  It  boils  at  226°,  and  iU  Sp.  G.  is  0-87  at 
65®  F.  When  acted  on  by  nitric  acid,  benzoene  yields  two 
new  compounds,  in  which  the  hydrogen  is  partly  replaced  by- 
nitrous  acid.  These  are,  lst,proe(mitrobenzoeney  C 1 1  H  y  NO  *, 
which  is  liquid;  and,  2nd,  Hnitrobenzoene,  Ci4H(t  Na  Ob, 
which  is  a  crystalline  solid.  By  the  action  of  chlorine  on  ben- 
zoene, Deville  has  also  obtained  a  series  of  compounds  in  which 
the  hydrogen  is  replaced  by  chlorine  ;  l^ese  compounds,  how- 
ever, chiefly  occur  in  combination  with  hydrochloric  acid. 
Benzoene  dusolves  in  forming  sulphuric  acid,  and  forms  a  ciy- 
stalline  mass  of  sulphobenzoenic  acid,  the  composition  of 
which,  according  to  Deville,  isCi4H7S2  0s;  that  is,  1  eq. 
of  hydrogen  seems  to  be  replaced  by  1  eq.  hyposulphnric  add. 
Perliaps  a  better  name  for  this  acid  would  be  hyposulphoben- 
zoenic  acid.  It  is  analogous  to  the  sulphonaphthalic  or  hypo- 
sulphonaphthalic  acid. 

XVI.    GUAUCVLV.    C14H7O4? 

Hyduret  op  Guaiacyle.  Ci4  H«  04=:Ci4  H7  O4  +  H? 

When  the  resin,  or  gum  resin,  called  Guaiacum,  is  distilled, 
there  is  obtained,  among  other  products,  a  colourless  oily 
liquid,  which  has  acid  properties.  According  to  Deville,  it  is 
analogous  to  the  hyduret  of  salicyle,  which  is  also  an  acid, 
and  is  sometimes  called  saiicylous  acid.  Indeed,  Sobrero,  who 
first  obtained  the  acid  from  Guaiacum,  called  it  pyrocuaiacic 
acid.  If  viewed  as  a  hydrogen  acid,  it  will  be  the  hyduret  of 
guaiacyle,  C14H7O4  +  H,  and  this  agrees  with  the  formuk 
deduced  ^om  analysis  Ci4  Ha  O4,  which  is  that  of  saligenine. 
The  acid  corresponding  to  salicylic  acid  has  not  been  formed, 
but  will  probably  hereafter  be  obtained.  Its  formula  will  be 
C,4  Hs  06=0.4  Hr  Os,  HO.  But  Thierry  has  obtained 
another  acid,  which  he  calls  guaiacic  acid,  the  formula  of  which 
is  Ci .  Hs  Os  =  Ci ,  Hr  O5,  H  O.  Deville  has  also  described 
another  oil,  which  is  neutnd,  and  seems  to  be  derived  from 
this  last  acid,  as  benzole  from  benzoic  acid.      Its  f omnia  is 
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Ci  o  Ht  0«  ;  and  it  is  derived  from  the  acid  Ci  a  Ha  Oo  by  the 
separation  of  2  egs.  carbonic  acid  ;  for  CisHsOo  —  2C0t 
ac=  C  i  o  H  8  0  s .     This  neutral  oil  has  been  called  gnaiac^ne. 

In  the  preceding  pages  we  have  considered  a  large  number  of 
compound  radica^^  constituting  chiefly  the  group  of  radicals 
analogous  in  their  relations  to  chlorine ;  namely,  cyanogen ; 
ferrocyanogen  and  its  numerous  conveners ;  sulphocyanogen  ; 
and  mellone.  We  have  only  described  one  radical,  amide, 
which  has  a  tendency  to  produce  basic  compounds,  such  as 
ammonia,  ammonium,  and  the  platinised  bases  ;  and  one,  ear- 
Umic  oxide  or  oxafyle,  the  chief  tendency  of  which  is  to  form 
acid  compounds,  such  as  oxalic,  carbonic,  rhodizonic,  croconic, 
and  meUitie  acias.  Finally,  we  have  studied  three ;  namely, 
benzqyle,  sctfie^le  and  einnamylejWhoBe  characteristic  is  to  form 
essences  or  fragrant  volatile  compounds,  with  hydrogen,  acids 
with,  oxygen,  and  peculiar  compounds  with  chlorine,  iodine,  &c. 
This  last  group  would  appear  to  have  a  strong  tendency  to  form 
acid  compounds :  for  not  only  is  an  acid  formed  by  the  union  of 
lalicyle  and  oxygen,  but  the  hyduret  of  salicyle  is  a  decided  acid, 
and  may  be  represented  as  suicylous  acid,  Ci  4Hs  Os,  HO,  iso- 
meric with  benzoic  acid,  instead  of  hyduret  of  salicyle,  Ci  4  Hs 
O4,  H.  Further,  the  chloride,  bromide,  and  iodide  of  salicyle, 
although  they  contain  salicyle,  ^/u«  those  elements,  are  all  strong 
adds,  and  appear  to  be  in  fact  anh^fdrous  saUcylic  add  with  1  eq. 
of  chlorine,  &c.  substituted  for  1  eq.  of  oxygen.  It  is  evident  that 
this  group  of  radicals,  so  well  characterised  by  their  hydrosen 
eompounas,  does  not  correspond  exactly  to  any  simple  radical,  but 
has  characters  common  to  dij9«rent  groups  of  elementary  radicals, 
being,  however,  analogous  in  more  points  to  carbon,  sulphur, 
and  phosphorus  than  to  any  other  elements.  In  studying  the 
decomposition  of  the  compounds  of  salicyle,  we  have  met  with 
the  very  remarkable  fact  of  the  production  from  that  radical  of 
a  series  of  compounds :  namely,  anilic  acid,  nitropicric  acid, 
carbolic  acid,  &c.,  probably  derivatives  of  a  totally  different 
radical,  phenyle ;  which  radical  is  also  met  with  in  numerous 
other  decompositions,  and  especially  in  the  decomposition  of  in- 
digo by  nitnc  acid,  by  alkalies,  and'b^  heat,  and  in  the  destruc- 
tive distillation  of  coal.  This  is  an  important  consideration,  as 
every  day's  experience  tends  to  identify  with  each  other  the  pro- 
ducts of  decomposition  of  different  and  apparently  quite  uncon- 
nected organic  compounds,  even  in  cases  where  these  products 
have  been  deseribea  as  different.  Another  very  important  fact 
which  has  come  under  our  notice  is  the  occurrence  of  salicylate 
of  oxide  of  methyle  as  the  chief  ingredient  in  the  oil  of  Gaul- 
theria.    Not  only  is  the  occurrence  of  salicylic  acid  interesting, 
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since  this  acid  was  only  known  before  as  an  artificial  product, 
bat  the  existence,  in  this  oil,  of  oxide  of  methyle,  hitherto  only 
known  as  a  product  of  destructive  distillation,  goes  fj&r  to  con- 
firm the  theoiy  which  admits  this  radical,  methyle,  and  others 
similar  to  it.  All  the  properties  of  the  oil  of  Gamtheria  entirely 
agree  with  the  doctrine  of  its  containing  two  radicals,  methyle 
and  salicyle,  the  former  oxidised,  as  a  base ;  the  latter,  also 
oxidised,  as  an  acid.  It  is  remarkable,  however,  that  even  this 
compound  plays  the  part  of  an  acid,  and  forms  crystalline  salts 
with  the  alkalies  into  which  it  enters  unchanged.  This  is  so 
well  marked  a  character  that  the  oil  has  been  called  gaultheric 
acid,  and  the  salts  gaultherates. 

We  now  proceed  to  consider  that  group  of  radicals  to  which 
methyle  belongs,  and  which  are  analogous,  in  their  relations,  to 
metals,  more  man  to  any  other  class  of  elements ;  forming,  like 
metals,  bases  with  oxygen.  This  eroup  contains  Ethyle,  Me- 
thyle, Amyle,  Glycery  le,  Cetyle,  Allyle,  and  Cacodyle ;  besides 
several  raoicals,  derived  from  the  decomposition  of  these ;  as, 
Acetyle  from  Ethyle,  Formyle  from  Methyle,  and  Acryle  from 
Glyceryle.  These  latter,  however,  belonff  to  that  group  which  are 
analogous  to  the  combustible  metalloias,  and  lorm  acids  with 
oxygen,  instead  of  bases,  like  the  radicals  from  which  they  are 
derived,  and  in  connection  with  which  they  shall  be  described. 

XVII.  Etbtlb.     C4  H«  ==  Ae. 

Unknown  hitherto  in  a  separate  form  ;  but  very  well  known 
as  anhydrous  oxide,  or  ether,  and  hydrated  oxide,  or  alcohol. 
These  compounds  have  not  yet  been  found  as  natural  products 
of  ve^table  life,  althoug^h  it  is  probable  that  the  fragrance  of 
certain  fruits,  such  as  pine-apples,  melons,  apples,  is  derived 
from  compounds  of  ethyle.  The  compounds  of  ethyle,  espe- 
cially alcohol,  are,  however,  very  abundantly  produced  by  the 
fermentation  of  saccharine  vegetable  juices,  such  as  that  of  the 
grape.  The  alcoholic  or  vinous  fermentation  of  sugar  is  a  meta- 
morphosis, induced  in  the  sugar  by  contact  with  yeast  or 
ferment,  which  is  gluten  or  fibrine  in  a  state  of  decomposition. 
In  this  metamorphosis,  the  particles  of  the  ferment  only  act  in 
communicating  mechanical  motion  to  those  of  the  sugar  ;  they 
do  not  join  the  elements  of  the  sugar  in  producing  new  com- 
pounds, but  are  decomposed  separately ;  while  the  elements  of 
the  sugar,  plt4S  a  small  proportion  of  the  elements  of  water, 
form  two  compounds,  alcohol  and  carbonic  acid.  Ci*  Hn 
Oi,  +  H0=2  (C4H5,  0+HO)  +  4C0».  Grape  sugar 
Ci «  H 1 4  Oi  4,  loses  2  eqs.  of  water  during  fermentation,  yield- 
ing otherwise  exactly  the  same  results  as  cane  siigar.    Sugar  of 
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milk,  C) »  Hi  9  Oi  ty  is  converted  by  fermentation  into  alcohol 
and  carbonic  acid,  without  losing  or  gaining  weight*  Ci  >  Hi » 
0..  =  2(C«H«0.)  +  4CO.. 

1.  Oxide  of  Ethyle.     Ae  O  ==  C4  Hs,  O. 

Stn.  Ether.  iSW//»^«rfe  ^i^A^r.— This  compound  is  obtained 
from  alcohol,  its  hydrate,  by  heating  it  gently  along  with  sulpha- 
lie  or  phosphoric  acid,  which  removes  the  water,  or  at  all  events 
causes  the  separation  of  the  ether  from  the  water.  The  best 
process  is  as  follows :  6  parts  of  alcohol,  of  at  least  90  per  cent^ 
are  mixed  with  9  of  sulpnuric  acid,  and  the  mixture  introducea 
into  a  retort,  where  it  is  rapidly  heated  to  the  boiling-point, 
and  kept  at  that  point,  while  by  means  of  a  bent  tube  passinf 
throuffh  the  cork  which  stops  the  tubulure  of  the  retort,  and 
fumisned  with  a  stopH:ock,  fresh  alcohol  is  allowed  to  enter 
the  retort  so  as  to  keep  the  liquid  constantly  at  the  original 
level,  flowing  in  exactly  as  fast  as  the  ether,  &c.,  distils  over. 
The  products  are  condensed  in  a  powerful  refrigeratoiy,  such 
as  Liebig's,  figured  at  p.  299  ;  they  consist  chiefly  of  ether,  with 
water  in  such  proportion  as  would  convert  the  ether  into 
alcohol ;  and  a  veiy  little  alcohol,  sometimes  none  at  all.  The 
operation  may  be  advantageously  continued  until  31  parts  of 
alcohol,  at  90  per  cent,  have  flowed  into  the  retort,  and  of 
course  an  equal  volume  of  ether  and  water  has  distilled  over. 

This  process,  as  to  its  final  result,  may  be  thus  expressed. 
AeO,HO-|-2(HO,SO3)  =  2{HO,S0.)  +  H0  +AeO. 
That  is,  the  action  of  heat  and  of  oil  of  vitriol  has  caused  the 
aepaiation  of  the  ether  and  the  water,  which,  together,  consti- 
tute alcohol.  And  it  is  to  this  view  of  the  change,  which  he 
considers  one  of  decomposition  by  contact,  that  Berzelius  applies 
bis  theoiy  of  a  catalytic  force.  But  in  reiality,  the  process  con- 
sists of  two  stages :  the  first  is  the  formation  of  bisulphate  of 
oxide  of  ethyle  (sulphovinic  acid)  AeO,  HO,  2SOs;  and  the 
second  is  the  decomposition  of  this  by  heat  into  Ae  0  and  H  0. 
fi S Oa.  The  bisulphate  is  formed  when  a  mixture  of  2  eq.  oil 
of  vitrei,  1  ea.  alcohol,  and  from  1  to  3  eq.  of  water,  is  heated 
to  about  286  ;  and  at  almost  precisely  the  same  temperature, 
the  bisulphate  is  decomposed,  especially  if  the  liquid  be  kept 
in  steady  ebullition.  Now,  the  bisulphiate  contains  anhydrous 
snlphunc  acid,  ether,  and  water,  2SOj+AeO  +  HO;  and 
when  decomposed  the  sulphuric  acid  seizes  the  water,  thua 
preventing  the  eth^  from  uniting  with  it  to  reproduce  alcohol. 
The  ether,  therefore,  distils  over :  but  as,  when  the  bisulphate 
was  formed,  ether,  Ae  0,  displaced  water,  fl  0,  from  hau  the 
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oil  of  vitriol,  bo  now,  when  the  bisulphate  is  deGomposed,  and 
while  its  water  is  retained  hy  the  2  eq.  of  anhydrons  add,  the 
vapoors  of  ether  traverse  a  liquid  containing  oil  of  vitriol 
diluted,  both  with  the  water  displaced  from  the  other  part  of  it 
by  the  ether,  and  with  the  water  of  the  alcohol  (which  at  90 
per  cent,  amounts  to  2  eq.  for  1  of  ether,  one  combined  with 
the  ether  to  form  tiie  alcohol,  the  other  serving  to  dilate  it) 
Now,  a  snlphnric  add,  thus  far  dilated,  and  heated  to  a  tem- 
peratare  even  short  of  285°,  gives  off  water,  and  therefore  the 
vapour  of  ether  in  passing  through  this  add,  becomes  satoratad 
with  the  vapour  of  water,  without  combining  with  it,  and  thus 
ether  and  water  distil  over  together.  At  the  surfaoe  of  the 
boiling,  or  effervesdne  liquid,  howevw^  the  ether  produced  by 
the  decompontion  of  the  bisulphate  is  brought  into  contact 
with  water  in  the  nascent  state,  also  derived  from  that  decom- 
pontion, and  in  this  manner,  according  to  Idebig,  a  little  alcohol 
IS  reproduced,  and  distils  over  with  uie  ether,  the  ether  being 
produced  in  the  body  of  the  liquid,  the  alcohol  only  at  the  sur- 
face. It  is  certain  that  a  little  alcohol  generally  accompanies 
the  ether,  even  in  the  most  successful  operation ;  but  it  is  not 
easy  to  see  how,  according  to  the  above  explanation^  the  sul- 
phuric acid  which,  in  the  body  of  the  liquid,  is  able  to  prevent 
the  ether  from  combining  with  water,  should  £dl  to  do  so  at  tihe 
surface.  The  ether  and  water,  it  would  appear,  are  equally  in 
the  nascent  state  in  both  situations.  While,  therefore,  we 
admit  Loebig's  very  beautiful  explanation  of  the  facts  connected 
with  the  production  of  ether,  we  cannot  feel  the  same  certainty 
in  reganl  to  his  explanation  of  the  simultaneous  occnrrenee  ol 
alcohol.  It  will  now  be  seen  how  litUe  neceadty  there  is  for 
resorting  to  the  mysterious  agency  of  catalysis ;  for  the  change 
is  not  one  due  to  contact  alone,  but,  oa  the  contrary,  one 
depending  on  strong  affinities  very  nicely  balanced,  ana  influ- 
enced to  a  very  great  extent  by  the  degree  of  heat  employed. 
The  idea  that  the  contact  of  oil  of  vitriol  caused  the  ether  and 
water  of  alcohol  to  sepaiate,  arose  from  the  circumstance  that 
the  formation  of  the  bisulphate  of  ethyle  takes  place  at  a  tem- 
perature quite  close  to  that  at  which  it  is  decomposed,  and  that 
the  formation  of  the  bisulphate  in  this  process  bad  been  over- 
looked. 

The  crude  ether  ia  mixed  witii  an  alcoholic  solution  of 
potash,  so  as  to  render  it  alkaline,  and  distilled  in  the  vapour- 
tiath,  as  long  as  the  Sp.  G.  of  the  product  does  not  exceed 
0-725  at  80^  The  ether  is  Uien  digested  for  a  few  days  with 
chloride  of  calcium,  or  quicklime,  and  rectified  once  more  with 
one  of  these  substances.    When  pure,  oxide  of  ethyle  ia  a 
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coloarleas,  yerj  mobile,  highly  refracting  liqaid,  of  Sp.  Q. 
0-725°  at  60*^.  It  is  Yeiy  volatile,  boiling  at  76°,  and  produc- 
ing interne  cold  by  its  evaporation.  It  has  a  pungent,  cooling, 
aromatic  taste  ;  and  a  penetrating,  agreeable  odonr.  It  in  very 
combustible,  and  its  vapour  is  apt  to  form  dangerous  explosive 
mixtures  with  air.  When  oxidised  slowly,  it  yields  aldehyde, 
aldehydic  acid,  acetic  and  formic  acids. 

Ether  is  used  in  medicine  as  a  diffusible  stimulant,  and  in 
diemistry,  as  a  solvent,  especially  of  oiganic  matters,  such  as 
fiats,  fat  oils,  essential  oils,  resins,  some  acids,  and  some  bases. 
Its  vi^Kyor,  when  mixed  with  air  and  inhaled,  produces  a  species 
of  coma,  or  at  least,  in  most  cases,  insensibility  to  pain;  and 
this  method  is  now  resorted  to  to  facilitate  the  performance  of 
severe  surgical  operations.  Great  care  must  be  taken  to  avoid 
the  approach  of  a  light  to  the  mouth  of  the  patient  inhaling  it, 
which  might  cause  explosion  of  the  gaseous  mixture,  or  inflam- 
mafion  of  the  ether,  and  thus  inflict  a  fatal  iniurv.  Care 
must  also  be  taken  to  have  air  enough  mixed  with  the  vapour 
of  ether,  which,  if  inhaled  alone,  would  cause  asphyxia. 
-  In  its  relations  to  other  bodies  it  exhibits  the  characters  of  a 
base,  neutralising  acids,  and  forming  compounds  which  are  sub- 
ject to  the  laws  of  double  decomposition,  like  salts  of  inoiganie 
bases.  These  salts  of  oxide  of  ethyle  are,  commonly,  ethereal 
liquids ;  many  of  them  crvstalliBing  at  low  temperatures,  and  a 
gWKl  many  being  solid  and  ciystalline  at  ordinary  temperatures. 
Th^  are  often  called  ethers,  with  the  name  of  the  acid ;  as, 
acetic  ether,  benzoic  ether,  &c.  Those  ethers  which  contain 
eiganic  acids  are  for  the  most  part  fragrant,  and  it  i»  probable 
that  many  fruits  owe  their  fragrance  to  the  presence  of  the 
ethers  of  oiiganic  acids.  The  melon  and  pine  apple,  as  well 
as  the  apple,  have  exactly  the  odour  of  some  such  ethers.  The 
formula  for  the  salts  of  oxide  of  ethyle  corresponds  to  that  for 
the  salts  of  potash,  &c.  Thus,  as  KO,  A  represents  acetate,, 
and  KO,  Bz_benzoate  of  potash,  so  Ae  0,A  or  Ae  0,  Ac  Os, 
and  Ae  0,  Bz  or  Ae  0,  Bz  0  represent  the  acetate  and  benzoate 
of  oxide  of  ethyle. 

The  analogy  between  ether  and  metallic  j^rotoxidee  is  further 
shown  in  the  action  of  both  on  hydrochloric  acid  and  its  coo- 
genen  ;  for  while  KO,  with  HCl  yields  H  0  and  Ka ;  so  Ae 
0  +  H  CI  =  H  0  +  Ae  CI :  that  w,  ether,  with  hydrochloric 
acid,  yields  water  and  chloride  of  ethyle.  The  same  is  true 
of  tne  bromide,  iodide,  &c.,  and  by  proper  means  both  the 
cyanide  of  ethyle,  Ae  Cy,  and  the  sulphuret  of  ethyle,  Ae  S, 
may  be  obtained.  In  short,  we  cannot  better  connect  and 
claasify  the  numerous  facts  now  known  in  regard  to  ether, 
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than  by  adopting  the  view  which  conaiden  it  as  the  hasie 
oxide  of  ethyle,  a  compound  radical,  very  analogous  to  a  metaL 

2.  HvdraU  of  oofide  cf  ethyU.  Ae  0,  HO=C«Hs  0,H0. 
Stn.  AlcohoL  This  compound  is  formed  when  ether  and  water 
meet  in  the  naioeat  state,  as  we  afaall  aee  oocofb  when  some  of 
the  acid  ealts  of  ethyle  are  heated,  or  otherwise  decomposed, 
But,  practically,  it  is  produced  entirely  from  sugar  by  fermentar- 
tion.  The  juice  of  the  gi'ape,  or  any  other  saccharine  juice,  or 
an  infusion  of  malt,  when  exposed  to  the  air  for  a  short  time, 
and  then  to  a  temperature  of  from  40°  to  Sd**,  soon  enters  into 
fermentation,  and  a  large  quantity  of  carbonic  acid  is  giyen  off, 
while  the  sugar  totally  disappears,  and  alcohol  is  found  in  its 
place.  A  pure  solution  of  sugar  in  water  does  not  ferment,  bnt 
on  the  addition  of  yeast  it  does  so.  The  juice  of  the  grape  and 
the  infusion  of  malt  both  contain,  besides  sugar,  some  body 
which  playe  the  part  of  yeast,  or  ferment.  This  is,  in  the  grape 
juice,  nbrme,  and  in  the  malt,  gluten,  both  of  which  readily 
enter  into  putrefaction  when  exposed  to  air  and  moisture,  and 
being  in  this  state,  their  particles  in  motion,  this  motion  is 
communicated  to  the  particles  of  suear,  and  the  existing  equili- 
brium of  Infinities  beinff  thereby  disturbed,  new  componnda 
are  formed,  in  this  case  alcohol  and  carbonic  acid.  The  subject 
of  fermentation  will  be  afterwards  fully  discussed :  in  the  mean 
time,  it  is  to  be  observed  that  any  sinular  substance,  in  a  state 
of  putrefaction,  will  induce  the  fermentation  of  sug^ ;  as,  for 
example,  putrefying  flesh,  blood,  milk,  cheese,  white  of  egg» 
urine,  &c.  &c.,  and  that  none  of  these  ferments  contribute  to 
the  production  of  the  alcohol,  or  carbonic  add,  but  yield  ammo- 
nia and  other  products.  Crystallised  cane  su^^ar,  C  i « H 1 1 0 1 1 , 
requires  the  elements  of  1  eq.  of  water  to  yield  2  eq.  alcohol 
Ct  H  t  s  O4  and  4eq.  carbonic  acid  4  CO9  =  C4  Ot  ;  and  nape 
suj;ar,  C 1  a  H 1 4  Oi «,  produces,  besides  the  alcohol  and  carbonic 
acid,  2  eq.  of  water.  Thus  we  have  Ci a  Hn  d  1  +  H0=: 
a(C4H«00  +  4CO.;  and  Cx,  Hi*  0i4  =2(C4  H.  O.) 
+  4  CO. +  2  HO. 

From  the  fermented  liquid,  which,  in  the  case  of  the  grape 
juice,  is  wine,  in  that  of  malt,  beer,  ale,  or  wort,  the  alcohol  is 
separated  by  distillation,  and  being  more  volatile  than  water, 
it  predominates  in  the  first  portions  distilled.  These  constitute, 
when  from  wine,  brandy ;  when  from  a  fermented  infusion  of 
malt,  whiskey ;  and  when  from  fermented  solution  of  molasses, 
rum.  In  these  forms  it  still  contains  30,  40,  or  more  percent, 
of  water,  and  a  little  volatile  odoriferous  oil.  It  is  a^dn 
rectified,  and  the  first  portions  distilled  are  colourless,  and  go 
by  the  name  of  spirits  of  wine.  After  another  rectification 
they  are  called  rectified  spirits  of  wine.    They  now  contain 
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only  alcohol,  with  from  10  to  SO  per  cent,  of  water,  which  it 
removed  by  digesting  the  spiiit  with  qnicklime,  and  distilling : 
or  b^  rectiiyiDg  over  dried  carbomto^f  potash,  or  chloride  of 
calcium. 

Pare  or  absolute  alcohol  is  a  colourless  mobile  fluid  of  Sp.  Gv 
0*795  at  60^,  and  boiling  at  173*^.  It  has  a  burning  taste,  and 
a  pleasant  fnnij  smell.  Rectified  spirit  of  wine,  that  of  90  per 
cent.,  is  Y&rj  similar  to  it,  having  the  Sp.  G.  0*826  to  0*836 : 
ordinarv  spirit  of  wine,  at  70  per  cent,  has  the  Sp.  G.  0*880. 
Pure  alcohol  has  never  been  frozen.  It  is  very  combustible, 
and  produces,  in  burning,  a  very  intense  heat.  Hence  spirit 
of  wine  is  much  used  for  lamps  for  chemical  purposes. 
Alcohol  has  a  strong  attraction  for  water,  and  on  this  account 
acts  as  an  antiseptic,  preserving  animal  and  vegetable  sub- 
stances from  putrefaction.  The  strength  of  alc^ol  is  ascer- 
tained bv  its  specific  gravity ;  and  all  diemical  works  contain 
tables  of  the  relation  between  the  density  of  the  spirit  and  the 
per  centaffe. 

Alcohol  is  a  powerful  diffusible  stimulant,  and  has  intoxi- 
cating properties.  It  is  much  used  as  a  solvent,  for  many, 
indeed  most  vegetable  acids  and  bases,  for  volatile  oils,  for 
resins,  and  for  many  salts,  even  inorganic.  Most  deliauescent 
salts  are  soluble  in  alcohol,  as  are  the  caustic  alkaues  and 
iodine.  Acids  act  on  alcohol,  producing  the  compound  ethen. 
Solutions  made  with  proof  spirit  (a  mixture  of  equal  volumes 
of  rectified  spirit  of  wine  and  of  water,  Sp.  G.  0*960),  are 
called  tinctures. 

3.  Chloride  of  ethyle,  Ae  CI  =  C«  Hs,  CI,  is  prepiured  by 
saturating  alcohol  wiUi  hydrochloric  acid  gas,  and  aistilling  the 
mixture  in  the  vapour  bath,  collecting  the  product  in  a  well 
cooled  receiver.  It  is  formed  as  follows :  Ae  0,  H  0  +  H  CI  s: 
Ae  CI  +  S  H  0.  It  is  dried  by  digestion  with  chloride  of  cal- 
cium. It  is  a  colourless  liquid,  Sp.  G.  0*874,  boiling  at  52*,  of 
an  aromatic  odour,  slightly  alliaceous.  When  exposed  to  the 
combined  action  of  chlorine  and  the  sun'b  rays,  it  yields  by  sub^ 
stitution  a  whole  series  of  chlorinised  ethers,  of  which  series 
one  extremity  is  ether  (C4  Hs)  0  ;  and  the  other,  perchloride 
of  carbon  (C4  Ch)  C1  =  2C>  CI3.  With  an  alcoholic  solution 
of  protosulphuret  of  potassium  K  S,  it  gives  chloride  of  potafH 
sium  and  s'ulphuret  of  e^yle,  Ae  CI  +  K  S  =  Ae  S  -f  K  CI. 
With  hydro8ali>huret  of  sulphuret  of  potassium,  it  3rields  mer- 
eaptan,  which  is  alcohol,  in  which  all  the  oxygen  has  been 
replaced  by  sulphur.  Ae  CI  +  KS,  HS  =  K  C1  + AeS,  HS; 
the  latter,  mercaptan,  being  analogous  to  Ae  O,  H  O. 

4.  Bromide  ofetkyley  formed  by  distilling  bromine  with  alco- 
hol and  phosphoms.   These  are  first  fonned,  when  the  materials 
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are  mixed,  phoiphoroas  and  hydrobromic  acids,  and  the  latter 
when  heated  with  the  alcohol,  decomposes  it  yielding  Ae  Br, 
which  resemblea  the  chloride. 

5.  Iodide  of  ethyle,  Ae  I,  formed  by  a  similar  process,  is 
anal<^as  to  the  two  preceding  compounds. 

6.  ^u^huret  of  dhjfk^  Ae  8,  is  prepared,  as  aboye  stated, 
from  the  chloride  by  salphuiet  of  potassium.  It  is  a  coloarless 
liquid,  boiling  at  le?'*,  of  a  strong  offensive  alliaceous  smell. 

7.  Hydrosulpkuret  ofmdpkuret  ofethyk  or  mercaptany  Ae  8^ 
HSss  04  H«  St  or  C«  Hs,  S  +  HS.  This  very  remarkable 
compound  is  formed  when  a  solution  of  the  doable  sulphate  of 
lime  and  oxide  of  ethyle  (sulphovinate  of  lime)  of  Sp.  0. 1'28, 
is  distilled  with  its  own  bulk  of  a  solution  of  potash  of  the 
same  density,  previousbr  saturated  with  sulphuretted  hydrogen, 
and  convertea  into  itS,  HS.  The  volatile  product,  ttter 
digesting  it  with  a  little  oxide  of  mercury  and  chloride  of  cal- 
eium,  to  remove  sulphuretted  hydrogen  and  water,  is  mercap- 
tan.  Its  formation  is  thus  explamed :  (CaO,  SOa  +  AeO,  80s) 
H-KS,  HS=:CaO,  80.  H-KO,  SO,  +AeS,  HS.  Pure 
mercaptan  is  a  colourleM  liquid,  very  mobile,  boiling  at  97*", 
ef  Sp.  G.  0*842.  It  has  a  most  penetrating  and  offensive  odour 
of  onions,  as  it  were  concentrated,  which  adheres  obstinately 
to  the  hair  or  clones,  so  that  it  is  most  unpleasant  to  experi- 
ment upon.  As  above  mentioned,  it  is  formed  from  alcohol 
by  substitution  of  sulphur  for  oxysen  ;  and  as  alcohol  is  the 
hydrate  of  oxide  of  ethyle,  Ae  0,  U  O,  mercaptan  is  the  hv- 
drosulphuret  of  the  sulphuret  of  ethyle,  AeS,  HS.  The 
sulphuret  of  ethyle,  AeS,  corresponds  to  the  oxide,  ether,  AeO. 

Mercaptan  acts  stronffly  on  some  metallic  oxides,  especially 
those  of  the  noble  metaU,  such  as  mercury,  gold,  platinum,  &c. 
The  metal  takes  \h.e  place  of  the  hydrogen  of  the  sulphuretted 
hydrogen  in  mercaptan;  thus  MO  +  (AeS,  HS)s=HO+ (AeS. 
M  S).  The  red  oxide  of  mercury  is  acted  on  by  merc^tan,  and 
converted  into  a  white  crvstidline  compound,  called  the  naer- 
captide  of  mercury ;  oxide  of  gold  forms  a  gelatinous  white 
mercaptide ;  and  oxide  of  lead  3rields  lemon  yellow  ctyvtala  of 
mercaptide  of  lead,  AeS,  Pb  S. 

Mercaptan  ma^  also  be  viewed  as  H  +  Ae  St,  in  whidicase 
the  above  metalhc  compounds  will  have  the  general  fonnula 
M  +  AeS*.  Here  the  supposed  radical,  the  fMreapham  of 
Zeiae,  is  bisulphurat  of  ethyle ;  so  that  on  either  view  mercap- 
tan is  connected  with  ethyle. 

Zeise  has  described,  under  the  name  of  thialic  oil  or  ether, 
another  very  fetid  compound,  which  seems  to  be  AeS s,  or  per- 
sulphnrot  of  ethyle. 

oeleniuret  and  cyanide  of  ethyle  are  both  volatile  aUiaccons 
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offensive  liquids,  formed  when  snlphate  of  ethyle  and  potash  is 
distilled  with  seleninret  or  cyanide  of  potassium.  Snlphocyanide 
of  potassium,  alcohol  and  sulphuric  acid,  when  dissolved  together, 
yield  a  most  offensive  volatile  liquid,  supposed  to  he,  or  at  all 
events  to  contain,  snlphocyanide  of  ethyle.  It  will  be  observed 
that  all  these  compounds  of  sulphur  with  ethvle  and  similar 
bodies  are  characterised  by  odours  resembling  that  of  ^lic,  but 
so  intense  and  penetrating  as  to  be  insupportable.  This  cha- 
racter is  observed  in  all  volatile  organic  compounds  of  sulphur, 
whether  artificial,  as  the  above,  or  natural,  as  oils  of  j^lio, 
assafetida,  horseradish,  &c. 

7.  Salts  of  Oxide  of  Ethyle. 

Oxide  of  ethyle  forms  both  neutral  and  acid  salts.  The 
neutral  salts  are  not  at  ordinaiy  temperatures  decomposed  by 
other  salts,  like  inorganic  saline  compounds.  Thus  an  alcoholic 
solution  of  chloride  of  calcium  does  not  cause  any  precipitate 
in  an  alcohol  solution  of  oxalate  of  oxide  of  ethyle  or  oxalic 
ether.  But  they  are  easily  decomposed  by  contact  with 
hydrated  alkalies,  the  acid  uniting  with  the  alkali,  while  the 
oxide  of  ethyle  separates  as  hydrate,  that  is,  as  alcohol.  Thus 
oxalic  ether  C»  O3,  Ae  0,  with  hydrate  of  potash,  K  0,  H  0, 
yields  oxalate  of  potash  £10,  C«  O3  and  hydrate  of  oxide  of 
ethyle,  Ae  0,  H  0. 

Oxide  of  ethyle  has  a  very  great  tendency  to  form  double 
salts,  in  which  there  are  2  eq.  of  the  acid,  1  eq.  of  a  base, 
and  1  eq.  oxide  of  ethyle.  In  these  salts,  the  acid,  as  in  the 
neutral  salts,  cannot  be  detected  by  the  usual  tests ;  and  indeed 
they  may  be  viewed  as  simple  salts,  containing  a  compound 
acid,  of  which  oxide  of  ethyle  is  a  constituent,  united  to  the 
inorganic  base.  Thus  the  double  sulphate  of  ethyle  and 
potash,  KO,  S  O3  +  Ae  0,  S  O3,  may  be  viewed  as  sulpho> 
vinate  of  potash,  K  0  -j-  Ae  0,  2  S  0* ;  and  sulphovinic  acid 
is,  on  this  view,  when  separated,  H  0  +  Ae  0,  2  S  O3. 

The  acid  salts  of  ethyle  are  on  one  view  double  salts,  as, 
for  example,  the  double  sulphate  formed  of  sulphate  of  ethyle, 
Ae  0,  S  O3,  with  sulphate  of  water,  H  0,  S  O3 .  On  the  other 
view,  they  are  compound  or  coupled  acids,  and  the  above 
example  liecomes,  as  mentioned  in  the  last  paragraph,  sulpho- 
vinic acid,  H  0  -i-  (Ae  0,  2  S  O3),  the  hydrate  of  a  compound 
of  anhydrous  sulphuric  acid  with  ether.  These  acid  salts  are 
decomposed,  by  boiling  with  water,  into  alcohol  which  distils 
over,  and  hvdrated  acids  which  remain  behind.  When  dis- 
tilled with  the  salts  of  volatile  acids,  they  yield  the  ethers  of 
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those  acids:  fonBiate  uid  acetate  of  ethyle  may  be  tlms 
obtained.  When  an  add  salt  of  ethyle  is  heated  with  acids 
not  volatile,  it  often  happens  that  the  ethers  of  these  acids  are 
obtained :  uiis  is  the  case  with  the  hiij  acids  and  with  some 
others. 

8.  Add  sulphate  of  oxide  of  ethyle,  H  0,  S  Os  +  Ae  S  O^, 
is  also  called  sulphovinie  acid,  H  0  +  (Ae  0,  2  SOs).  Sul- 
phuric acid  forma  no  neutral  compound  with  oxide  of  ethyle. 
The  acid  salt  is  formed  when  the  vapour  of  ether  is  conducted 
into  oil  of  vitriol,  or  when  oil  of  vitriol  is  mixed  with  alcohol 
and  heated  to  a  certain  point.  To  obtain  it  pure,  the  double 
sulphate  of  ethyle  and  baryta  (sulphovinate  of  baryta)  in 
solution,  is  decomposed  by  sulphuric  acid,  and  the  filtered 
liquid  is  a  solution  in  water  of  the  acid  sulphate.  It  has  a 
very  sour  taste,  and  cannot  be  concentrated  by  evaporation, 
whether  at  the  ordinary  temperature  or  with  the  aid  of  heat, 
without  being  decomposed  into  alcohol  and  sulphuric  acid.  It 
forms,  with  most  bases,  crystallisable  double^salts,  which  are  all 
soluble,  so  that,  for  example,  the  addition  of  baiyta  causes  no 
precipitate  if  the  acid  be  pure.  As  the  acid  sulphate  itself  is 
callea  sulphovinie  acid,  so  these  double  salts  are  called  sulpho- 
vinates.  It  is  because  all  these  salts  are  soluble,  that  the  usual 
tests  cannot  detect  the  sulphuric  acid  they  contain.  When, 
however,  their  solutions  are  boiled  with  a  little  hydrochloric 
acid,  alcohol  is  given  off,  and  then  the  sulphuric  acid  may  be 
detected  as  usual.  All  these  salts  are  decomposed  by  heat, 
yielding,  according  to  the  temperature,  double  sulphate  of 
ethyle  and  etherole,  alcohol,  sulpnurous  acid,  olefiant  gas,  and 
a  sulphate  as  residue,  mixed  with  charcoal.  When  heated 
with  hydrated  alkalies,  they  yield  sulphates  and  alcohol.  The 
double  sulphate  of  ethyle  and  potash  crystallises  in  shining 
scales,  which  are  the  anhydrous  salt,  K  0,  S  O3  +  Ae  0,  S  Oj. 
The  baryta  salt  contains  2  eq.  of  water  of  crystallisation,  and 
forms  beautiful  tabular  crystals,  as  do  also  the  salt  ofUme,  and 
the  salt  of  lead,  both  of  which  likewise  contain  2  eq.  of  water. 
These  three  salts  are  all  composed  according  to  the  formula, 
M  0,  S  0.  +  Ae  0,  S  O3,  +  2  eq. 
9.  Acid  phosphate  of  oxide  of  ethyle,  or  phosphovinic  acid, 

P«  Os  j  2  j^Q  is  formed  in  the  same  way  as  sulphovinie  acid, 

and  obtained  pure  from  the  double  salt  of  baryta,  P»Os  j  ^^q 

+  12  H  0.  It  is  a  tolerably  permanent  acid,  decomposed  only 
by  a  high  temperature.  With  bases  it  forms  double  salts,  iu 
which  the  2  eq.  water  of  the  acid  are  replaced  by  2  eq.  of  a 
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protoxide.    The  baryta  $aU,  the  forarola  of  which  is  given 
«boye,  crystalliaes  in  pearly  scales. 

OXIDB  OF  STHTLK  WITH   NITRIC  ACID. 

10.  Nitrate  of  Oxide  of  Etbjle.     Ae  0,  N  Oa. 

When  2  flnid  ounces  of  alcohol,  and  1  fluid  ounce  of  pure 
nitric  acid,  of  Sp.  G.  1*4  are  distilled  together,  with  the 
addition  of  10  or  20  grains  of  urea,  to  destroy  any  nitrous 
or  hyponitrous  acid,  the  distillation  proceeds  calmly  and 
smoothly,  and  the  distilled  liquor  contains  water,  alcohol, 
and  nitrate  of  ethyle,  which  partly  separates,  towards  the  end 
of  the  process,  as  a  heavy  oily  stratum,  and  is  more  completely 
separated  by  the  addition  of  water.  It  is  a  colourless  liquid, 
otSp.  G.  1'112;  which  boils  at  185°,  and  is  inflammable, 
bnminc  with  a  bright  white  flame.  It  is  quite  insoluble  in 
water,  out  veiy  soluble  in  alcohol ;  and  it  possesses  a  pleasant 
smell  and  a  sweet  taste.  An  alcoholic  solution  of  potash  con- 
verts it  into  alcohol  and  pure  nitrate  of  potash. 

11.  Hyponitrite  of  Oxide  of  Etbyle.     Ae  O,  N  Os. 

Syn.  Nitrous  eiher, — Nitric  ether.  This  is  best  prepared 
in  a  state  of  purity  when  a  current  of  hyponitrous  acid  vapours, 
derived  from  starch  and  nitric  acid,  is  passed  through  weak 
alcohol,  the  product  being  condensed  in  Liebig's  refrigeratoiy. 
The  ether  is  washed  with  water,  and  dried  by  means  of  chloride 
of  calcium.  The  whole  apparatus  must  be  kept  cold,  other- 
wise the  action  is  too  violent,  and  the  results  very  complex. 
When  nitrous  ether  is  made  by  the  usual  processes,  in  which 
ordinary  nitric  acid  is  mixed  with  alcohol,  the  product  always 
contains  a  laiige  proportion  of  aldehyde,  and  in  fact  yeij  litue 
of  the  true  ether.  The  action  in  this  case  is  as  follows, 
2  (C*  H.  00  +  N  Os  =  C4  H,  O,  H  0  (aldehyde),  +  3  H  0 
4-  (C4H5,04-N03).  The  pure  h^onitrous  ether,  pre- 
pared by  Liebig's  process,  given  above,  is  a  pale  yellow  liquid, 
boiling  at  62°,  of  Sp.  G.  0*947.  It  has  a  very  agreeable 
odour  of  rennet-apples.  With  an  alcoholic  solution  of  potash, 
it  yields  alcohol,  and  pure  hyponitrite  of  potash.  The  etoeet 
spirit  of  nitre  or  spiritus  a^ieris  nitrosi  of  the  pharmacopoeia, 
is  a  solution  of  the  impure  hyponitrous  ether  in  alcohol. 

12.  Cwboiukte  of  Oxide  of  Ethyle.    Ae  O,  C  Os. 

Syn.  Carbonic  ether.  When  oxalic  ether  is  acted  on  b^ 
potassium,  there  are  formed  sevei^  products,  one  of  which  is 
this  ether.  When  pure,  it  is  an  aromatic  liquid,  of  Sp.  G.  0*975, 
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boiling  at  260^.  An  alcoholic  solution  of  potash  converts  it 
into  alcohol  and  carbonate  of  potash.  Chlorine  acts  on  it, 
forming  products  to  be  described  when  we  treat  of  the  action 
of  chlorine  on  ethers  generally. 

13.  Double  carbonate  ofethyle  andpoiash,  K  0,  C  0»  +  AeO, 
CO?,  is  formed  when  diy  carbonic  acid  gas  is  passed  through  an 
alcoholic  solution  of  fused  potash.  A  saline  mass  is  obtained, 
from  which,  after  washing  with  ether,  alcohol  dissolves  the 
double  salt,  leaving  carbonate  and  bicarbonate  of  potash.  The 
double  salt  forms  pearly  scales,  which  are  decomposed  by  water 
into  alcohol  and  bicarlK>nate  of  potash. 

14.  Oxalate  of  oxide  of  ethyle,  AeO,C«03. — Syn.  Oxalic 
Ether. — This  ether  is  formed  by  distilling  4  parts  of  super- 
oxalate  of  potash,  5  of  oil  of  vitriol  and  4  of  alcohol  at  90  p.  c, 
mixing  the  product  with  4  times  its  bulk  of  water,  and  waabing 
with  water  the  ether  which  separates,  until  all  free  acid  is 
removed.  The  ether  is  then  rectified.  It  is  a  colourless 
liquid,  of  Sp.  G.  1*093,  boiling  at  364*".  It  has  an  aromatic 
smell.  If  pure,  it  may  be  kept  under  water :  but  if  a  trace  of 
alcohol  or  of  oxalic  acid  be  present,  it  is  soon  resolved  into 
oxalic  acid  and  alcohol  when  in  contact  with  water.  Fixed 
alkalies  cause  the  same  change.  When  an  excess  of  ammonia 
is  added  to  it,  oxamide  is  formed :  where  the  ether  is  in 
excess,  there  is  formed  a  substance  in  beautiful  pearly  tables, 
formerly  called  oxamethane,  but  now  proved  to  be  oxamate  of 
ethyle.  These  two  reactions  are  easily  explained.  In  the 
first  case,  Ae  0,  C.  0*  +  N  Ha  =  (AeO,  H  0)  +  (C.  O,, 
N  Hv).  In  the  second,  half  the  ether  undergoes  the  above 
change,  and  the  other  half  combines  with  the  oxamide  formed. 
Ae 0,  Ca  Oa  -I-  Ca  0»,  N  H,  =  AeO,  C*  N  H»  0*.  Chlorine 
acts  on  oxalic  ether,  giving  rise  to  products  which  will  be 
hereafter  described  along  w4th  the  results  of  the  action  of 
chlorine  on  other  ethers. 

When  to  an  alcoholic  solution  of  oxalic  ether  there  is  added 
enough  of  an  alcoholic  solution  of  potash  or  soda  to  decompose 
the  half  of  the  ether,  double  salts  are  obtained,  of  the  formula 
M  0,  C»  O3  +  Ae  0,  C,  Oa .  When  the  alcoholic  solution  of 
the  double  oxalate  of  ethyle  and  potash  is  treated  bv  fluosilidc 
acid,  there  is  obtained  the  add  oxalate  of  ethyle,  H  0,  C»,  O3  + 
AeO,  Cv  Os,  which  is  often  called  oxaUmnic  acid.  The  salt 
of  potash,  K  O,  Cn  Oa  H-  (Ae  0,  Ca  O3)  {pxalonnate  of  potash) 
forms  crystalline  scales  ;  soluble  in  alcohol.  The  oxaioTinate 
of  baryta  is  extremely  soluble,  and  may  be  used  to  furnish  the 
other  oxalovinates,  by  acting  with  it  on  the  soluble  sulphates 
of  different  bases. 
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15.  OxamaU  of  oidde  of  ethyk,  C.  NHr  0  ==  AeO,  C« 
N  H«  Os  =  AeO,  Ca  Oj  +  Ad,  C«  0»,  is  formed,  as  above 
stated,  when  ammonia  is  cautiously  added  to  an  i^coholic 
solution  of  oxalic  ether,  until  a  white  powder  (oxamide)  begins 
to  appear.  The  liquid  now  yields  fine  pearly  tabular  ciystals, 
formerly  called  oxamethane.  It  now  appears  to  be  oxamate 
of  ethyle,  but  riiay  also  be  viewed  as  oxalate  of  ethyle,  plus 
oxamide.  By  an  excess  of  ammonia,  it  is  converted  into 
alcohol  and  oxamide.  The  action  of  ammonia  on  oxalic  ether 
has  been  explained  above. 

16.  StapLcarhoHoU  of  ethyle  andtoater.  AeO,  HO,  2  CS>. 
-^When  bisulphuret  of  carbon  is  added  to  a  strong  alcoholic 
solution  of  potash,  a  salt  is  obtained,  in  colourless  or  yellow 
needles,  which  is  a  double  sulphocarbonate  of  ethyle  and 
potash,  K  0,  C  S>  -f  Ae  0,  C  Sa.  When  this  salt  is  acted  on 
by  diluted  sulphuric  or  hjrdrochloric  add,  there  is  obtained  a 
heavy  oily  liquid.  Tbis  is  the  acid  compound  in  question, 
H  O,  CS«  +  Ae  0,  C  Ss,  formerly  called  xanthic  acid,  from 
the  yellow  colour  of  its  salts.  With  bases  it  gives  rise  to 
double  salts,  like  that  of  potash,  just  mentioned,  which  were 
called  xanthates.  The  sut  of  protoxide  (suboxide)  of  copper 
is  lemon  yellow. 

17.  Auophcmate  of  oxide  cf  et^le»  This  compound  is  formed 
when  the  vapour  of  hydxated  cyanic  acid  is  brought  in  contact 
with  a  mixture  of  ether  and  alcohol.  It  forms  bi^iant  prisms, 
which  may  be  purified  from  cyamelide  by  being  dissolved  in 
boiling  alcohol,  or  in  boiling  water.  Its  formula  isCsNaHsOa 
=C4  Hs  Oi  C4  N»  Ha  Os.  It  was  formerly  supposed  to  con- 
sist of  2  eqs.  hydxated  cyanuric  acid,  3  eqs.  oxide  of  ethyle, 
and  3  eqs.  of  water ;  and  it  is,  in  fact,  resolved  by  heat  into 
alcohol  and  cyanuric  acid.  But  liebig  and  Wohler  have 
shown  that  it  is  composed  of  oxide  of  ethyle  and  of  a  new 
acid,  namely^  anhyarous  allophanic  aciil,  C«  Na  H*  Os. 
The  former  view  was  quite  anomalous,  since  oxide  of  ethyle 
unites  only  with  anhyarous  acids ;  and  the  latter,  therefore, 
brings  the  compound  into  the  ordinary  category  of  compound 
ethers. 

Allophanic  acid  is  unknown  in  the  hydrated  or  separate 
state,  the  formula  of  which  would  be  C4  Na  Hs  Os,  H  0= 
C4  N»  Hi  Oe .  It  forms  crystallisable  salts  with  bar^,  potash 
and  soda ;  but  when  we  attempt  to  isolate  it,  it  is  resolved 
into  urea  and  carbonic  add.  C4N*  H4  0e=C*  N*  H4  0* 
+2  C  Ot.  AUoijhanic  add  is  produced  by  the  action  of  2  eqs. 
of  hydrated  cyanic  acid  on  1  e<).  of  alcohol.  The  water  of  the 
alcohol,  added  to  the  cyanic  acid,  produces  the  new  acid,  which 
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combines  with  the  oxide  of  ethyle.    Thus,  2C«  NOi  HO 

Hydntod  ofbdJc  ftcida 

H-C4H.  O,  H0=  C*  H*  0  +  C4N,H,  Os 

> , ^  V ^ .  V ^ • 

AlcohoL  Oxide  of  ethyle.         AUophaiiic  add. 

18.  Benzoate  of  oxide  ofethjfle,  or  Unzoie  ether,  Ae  O,  BzO, 
is  best  formed  by  distilliog  4  parts  of  alcohol,  2  of  benzoic  acid, 
and  1  of  stroDg  nydrochloric  acid.  The  ether  distils  over  with 
alcohol,  from  which  water  separates  it.  When  pure,  it  is  an 
oily,  colourless  liquid,  of  a  faint  a^eeable  aromatic  odonr,  and 
an  acrid,  spicy  taste.  Its  Sp.  G.  is  1*054,  and  it  boils  at  about 
410°.  Chlonne  decomposes  it,  giving  rise  to  several  products, 
probably  by  substitution. 

19.  Hiwpurate  of  oxide  of  ethyle,  or  hippuric  ether,  C 4  H  s ,  O 
+C 1 8  N H 8  Os ,  is  formed  by  passing  a  cuirent  of  hydrochloric 
acid  gas  through  a  solution  of  hippuric  acid  in  iJcohol,  and 
heating  the  mixture  for  some  time  near  to  its  boiling  point. 
The  addition  of  water  separates  a  thick,  heavy  oil,  which 
when  purified  from  alcohol  and  hydrochloric  acid,  and  placed 
in  vacuo,  along  with  sulphuric  acid,  forms  a  solid  crystalline 
mass,  composed  of  silky  needles.  It  is  decomposed,  like  other 
ethers,  by  alkalies,  and  by  boiling  with  water. 

20.  Salicylateof  oxide  of  ethyle,  C^HsyO-^-Ct  *EB,0%y  is 
obtained  by  distilling  2  parts  of  alcohol,  1-^  of  salicylic  add. 
and  1  of  sulphuric  acid.  When  purified  from  alcohol,  acid,  ana 
water,  it  is  a  colourless  oily  fluid,  having  a  sweet  smell  like 
that  of  the  corresponding  compound  of  methyle,  which  occurs 
naturidly  in  the  oil  of  Gaultheria  procumbens.  It  is  heavier 
than  water,  and  boils  at  437°.  Like  the  oil  of  Gaultheria,  it 
plays  the  part  of  an  acid,  forming  with  bases  ciystallised 
soluble  salts.  When  exposed  to  a  high  temperature  with 
caustic  baryta,  it  yields  carbonic  acid,  and  an  ou  analogous  to 
that  obtained  from  the  methyle  compound,  probably  G  i  s  H  t  o 
O9.  Whexl  fuming  nitric  acid  is  added,  drop  by  drop,  to  the 
salicylic  ether,  it  dissolves  it  with  a  deep  red  colour :  water 
now  separates  an  oil,  which  soon  concretes  into  a  solid  mass, 
which  when  dissolved  in  hot  alcohol,  yields,  on  cooling,  yellow 
silky  needles.  These  are  indiqotaU  or  anilate  of  oxide  of  ethyle, 
C4  Hs,  0  -h  C,  4  NH4  0».  By  the  further  action  of  nitric 
acid,  carbazotic  or  nitropicric  acid  is  obtained.  The  indigotic 
ether  dissolves  in  potash  and  soda,  apparently  like  the  salicylic 
ether,  playing  the  part  of  an  acid.  Indigotic  ether  does  not 
dissolve  in  ammonia ;  left  in  contact  within  close  .vessels,  it 
finally  disappears,  alcohol  is  reproduced,  and  there  is  formed 
a  new  product,  anilamide,  Ci4N»H«08,  which,  when  pure, 
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forms  brilliant  yellow  ciystahi.  When  boiled  with  jK>ta8h, 
anilamide  yields  anilate  (mdigotate)  of  potash,  and  gives  off 
ammonia;  forCi4N,H«0.-f2HO=NH.-fC,*H4N09, 
HO.  Bromine  acts  on  salicylic  ether,  producing  two  com* 
pounds  ;  monobromuretted  salicylic  ether^ 

CiaH»BrOo  =  C4  J3j.*0  +  Ci4H.  0.  :  and  bibromuretted 

salicylic  ether,  Cie  Hs  Br»  Oo=C4  |  ^^'^  0  -f  Ci4  H.  O.. 

The  former  crystallises  in  fine  needles,  the  latter  in  large 
pearlj^  scales,  which,  when  melted,  form,  on  cooling,  a  tdost 
beautiful  crystallisation,  formed  of  large  and  perfect  cubes,  like 
those  of  bismuth. 

COMPOUNDS  or  BTHYLB  OF  UNCERTAIN  CONSTITUTION. 

l.C5Woro-carJo«ic^A^,CcHsC104=C4H.,0+C,  |^j"t 

Formed  when  absolute  alcohol  is  placed  in  contact  with  chloro- 
carbonic  acid  gas.  It  appears  as  an  oily  liquid,  of  Sp.  G.  I'ldS, 
boiling  at  200"*.  It  is  formed  as  follows :  2  eq .  of  chlorocar- 
bonic  acid  and  1  of  alcohol,  losing  1  eq.  hydrochloric  acid,  yield 
1  ea.  of  the  new  ether.  C,  0,  Cl»4-C4  H.  0.  =  H  CI  -h 
Cs  Hs  01 O4.    It  may  be  viewed  as  a  compound  of  oxide  of 

ethyle,  with  a  peculiar  acid  Cs  ]q\  »  or  as  carbonic  ether  €• 

Hs  0  fplus  1  eq.  chlorocarbonic  acid  ^  )  qi. 

2.  Urethane,  Stn.  CarhamaU  of  oxide  of  ethyle;  carhamic 
ether,  €«  Hr  NO 4,  is  formed  by  the  action  of  ammonia 
on  the  preceding  compound,  along  with  sal  ammoniac, 
from  which  it  is  separated  by  being  sublimed,  or  rather 
distilled,  when  it  passes  over  at  a  gentle  heat,  as  a  liquid 
which  crystallises  on  cooling.  It  is  very  soluble  in  water  and 
alcohol,  and  yields  very  large  crystals.  It  may  be  viewed  as 
chlorocarbonic  ether,  in  wmch  amide,  NH»,  has  been  substi- 
tuted for  the  chlorine :  C4  Hs,  0+C>  |  m  jr,-   ^^  ^  formed  as 

foDows :  C.  H.  Ca  O4  -f  2  NHs,  =  (N  Ha,  HCl)  -f  C.  Hr 
NO4.  Berzelius,  with  much  probabilitv,  considers  it  as  a 
compound  of  oxide  of  ethyle  with  an  acid,  not  yet  known  in 
the  separate  form,  contaming  the  elements  of  carbonic  acid 
and  carbamide,  just  as  oxamic  acid  does  those  of  oxalic  acid 
and  oxamide.  On  this  view  its  rational  formula  will  be 
C4H.  0  -f  COa,CONHt  =  Co  N  Hr  O4. 

Oxide  of  eU)yl«.        CartMonie  sdd. 

D  D  2 
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It  ifl  remarkable  that  two  other  oompoimdB,  quite  distinct 
In  properties,  have  the  same  empirical  formnla  as  nrethane  or 
carbamic  ether.  These  are,  Icustamide,  or  anhydrous  lactate  of 
ammonia  Cs  H4  0«  +  N  Ha  ;  and  sarcotine,  C«  N  Hr  O^,  a 
new  base,  derived  &om  kreatine.    (See  Artificial  Alkaloids.) 

METAMORPHOSES   OF  THE   COMPOUNDS  OF  ETHTLE. 

When  ether  or  alcohol  is  passed  in  vapour  through  a  red  hot 
tube,  it  yields  aldehyde,  water,  defiant  gas,  and  marsh  gas, 
3  (C4  H.  0)  =  C4  H.  0«  +  H  0  +  3  C.  Ha  +  C,  H*  :  or  2 
(C«  Hs  0)  =  C*  H*  0,  H-  C,  H,  +  C,  H*.  By  the  action  of 
chloride  of  zinc  on  alcohol,  there  are  formed  water,  and  two 
liquid  carbo-hydrogens,  Ca  H7  and  Cs  Hs,  together  Ci«  His, 
that  is,  defiant  c^as,  or  an  isomeric  modification  of  it.  Now 
ether  and  alcohol  both  contain  the  elements  of  water  and  of 
olefiantgas;  for  alcohol  is  €«  H«  Oa  =2H0+  €«  H4  ;  and 
ether  is  C*  Hs  0  =  H  0  +  C4  H4. 

In  the  manufacture  of  ether  there  occur  two  liquids,  one  of 
which  is  called  oil  of  wine,  which  is  C 1  e  H 1 5  or  very  nearly 
the  proportions  of  defiant  gas,  according  to  the  only  analysis  we 
have.  The  other  is  called  the  sweet  or  heavy  oil  of  wine,  and 
is  a  compound  of  sulphuric  acid  with  ether,  and  a  body  having 
the  same  composition  in  100  parts  as  defiant  gas.  Sweet  oil  m 
wine  is  2S  Oa  +  Ae  0  +  C«  H4  ;  and  as  this  body,  €«  H4  is 
called  etherde,  the  compound  is  named  the  double  sulphate  of 
oxide  of  ethyle  and  of  etherde.  This  latter  is  produced,  along 
with  sulphovinic  acid,  from  the  reaction  of  4  eq.  dry  sulphuric 
acid  and  3  eq.  ether.  4  S  Os  +  3  Ae  0  =  (2  S  63,  Ae  O,  H  0) 
+  (2S  Oa,  Ae  O,  C*  H4).  The  same  compound  is  formed 
when  sulphovinate  of  lime  is  heated,  but  is  accompanied  by 
alcohol,  sulphurous  acid,  defiant  gas,  and  a  residue  of  sulphate 
of  lime  and  charcoal.  2  (Ca  0,  Ae  0,  2  S  Oa)  =  (2  S  Os,  Ae 
0,C4H4)  +  H0-f  2(CaO,S03);  and  again,  2  (Ca  O,  Ae  0, 
2S03)  =  2(CaO,S03)  +2S0,  +  C*  H«  0, -f  C  H,  + 
C, +2H0. 

The  sweet  oil  of  wine  is  an  oily  liquid,  quite  neutral.  It 
boils  at  536%  and  has  the  Sp.  G.  1133.  When  heated  with 
water  it  gives  off  etherole  as  an  insoluble  oil,  while  the  liquid 
contains  pure  sulphovinic  acid.  When  the  etherole,  thus 
separated,  is  exposed  to  cold,  it  deposits  crystals  of  etharine^  a 
compound  isomeric  with  etherole  and  with  defiant  gas. 

ETHIONIC,   ISETHIONIO,   METHIOmC,   AND   ALTHIONIC  ACI08. 

These  acids  are  formed  by  the  action  of  sulphuric  acid  on 
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ether  and  alcohol  under  yarions  circumstances.  When  anhy- 
drous acid,  S  Oa  acts  on  alcohol^  or  when  olefiant  gas  is 
absorhed  by  that  dry  acid,  there  is  formed  a  componnd,  2  S  Os 
+  C4  H4,  in  crystals,  which,  when  pat  into  cold  water,  produce 
ethionic  acid,  SSOsjCiHsO.  'mien  this  solution  is  lieated, 
2  eq.  of  snlphnric  acid  and  1  of  alcohol  separate  from  one  half, 
and  there  is  formed  from  the  other  half  isethionic  acid,  2S  O3, 
C4  Hs  0,  or  rather  S^  Os  C^  Hs  0».  Ethionate  of  baryta, 
formed  by  adding  baryta  to  the  acid  before  boiling,  is  2S03, 
C4  H  5  0,  Ba  0.  From  it  all  the  other  ethionates  may  be  made. 
The  salts  of  isethionic  acid,  like  those  of  ethionic  acid,  have 
the  same  composition  in  100  parts  as  the  sulphovinates  ;  bat 
as  they  contam  hyposalpharic  acid,  their  formula  is  SsOs, 
C*  Hs  0»  -f  M  0.  They  crystallise  with  remarkable  facility. 
When,  in  acting  on  ether  with  anhydrous  sulphuric  acid,  the 
mixture  gets  too  hot,  there  is  formed  a  neW  acid,  fnethionte  acid, 
the  baryta  salt  of  which  is  S«  €»  Ha  O7,  Ba  0,  or  S«  Os  G2  H» 
0«  +  m  0.  This  acid  apparently  bears  the  same  relation  to 
oxide  of  methyle,  Ca  Hs  0,  as  isethionic  does  to  ether,  C4  Hs  0. 
When  oil  of  vitriol  in  great  excess,  is  heated  with  alcohol,  ole- 
fiant gas  is  given  off^  and  the  residue  is  found  to  contain  an 
acid,  the  salts  of  which  have  the  very  same  composition  as  the 
sulphovinates,  but  differ  in  crystalline  form.  This  acid  is 
called  (Uihianic  acid.  It  is  higmy  probable  that  the  althionates 
are  mixtures  or  compounds  of  sulpnovinates  with  isethionates, 
just  as  the  salts  of  ethionic  acid  appear  to  contain  sulphovinates 
and  isethionates  or  compounds  isomeric  with  these.  The  two 
compounds  which  seem  to  be  distinct  and  independent  are 
sulphovinic  acid,  (Ae  0,  H  0,  2  S  Oa)  and  isethionic  acid,  iso- 
meric with  it,  but  probably  arranged  as  (H  0,  Ae  O9,  S?  Os) ; 
the  salts  of  the  former  being  strictly  double  sulphates  of  ethyle 
and  bases  (M  0, 6  Os  +  Ae  0,  S  0^) ;  and  those  of  the  latter 
being  M  0  +  (Ae  O9,  Ss  Os).  Whatever  explanation  may  be 
given  of  .the  fact,  it  is  a  fact,  that  the  ethionic  and  althionic 
acids  and  their  salts  have  the  same  empirical  composition  as 
these  two  acids  and  their  salts,  at  least  acording  to  the  best 
analyses  we  have. 

PEODUOTS  OF  THS    OXIDATION    OF    BTHTLB  AND  ITS   DERIVATIVES. 

The  oxidation  of  alcohol  and  of  ether  may  be  effected  in  a 
great  variety  of  ways,  and  the  products  are  rather  numerous, 
yaryin^  according  to  the  amount  of  oxygen  taken  up.  Thus  we 
have,  nrst  aldehyde,  then  acetic  acid,  formic  acid,  oxalic  acid, 
and  finsdly  carbonic  acid  and  water.  The  iirst  effect  of  oxidar 
tion  is  to  destroy  the  radical  ethyle,  giving  rise  to  a  new  and 
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less  complex  radical  <tee^U  =  C«  Hj  .  Afterwards  we  obtaiii 
compounds  of  the  still  less  complex  radical, ./Wa^fe,  =  C*  H«, 
and  lastly,  compoonds  of  the  simple  radicals  carbon  and 
hjdrogen. 

We  shall  here  consider,  first,  the  ndical  aoetyle  and  its  com- 
pounds :  bearing  in  mind  that,  while  derived  from  the  basic 
radical  ethjle,  acetyle  has  no  basic  characters  whatever,  but  is, 
on  the  contrary,  a  most  distinctly  acidifiable  radical. 

XYII.   ACBTYLB.   C4  H8=l^C. 

Acetvle  is  unknown  in  a  separate  form,  but  is  easily  obtained 
in  the  form  of  hydrated  protoxide,  or  aldehyde,  and  hydrated 
peroxide,  or  aceUc  acid. 

I .  Hydrated  Oxide  of  Aoetyle,  or  Aldehyde.  (C4  H  s)  O,  HO. »  AcO,  HO. 

Aldehyde  is  formed  when  ether  or  alcohol  is  passed  throu^ 
a  red-hot  tube,  or  when  ether  or  alcohol  are  oxidised  by  nitric 
acid,  or  by  chlorine,  &c.  In  these  cases  it  is  not  pure ;  but 
it  mav  be  obtained  quite  pure  by  distilling  2  parts  of  the  com- 
pound of  aldehyde  and  ammonia  dissolved  in  2  parts  of  water, 
along  with  a  mixture  of  3  parts  of  oil  of  vitriol  and  4  of  water, 
and  rectifying  at  a  temperature  of  about  80^,  over  chloride  of 
calcium. 

It  is  a  clear,  colourless  liquid,  of  a  peculiar  and  powerful 
etherial  odour,  of  Si>.  G.  0*79  at  65%  and  boiling  at  70^.  It 
mixes  in  all  proportions  with  water,  alcohol,  and  ether,  and  is 
neutral  and  mflammable.  In  contact  with  the  atmosphere  it 
rapidly  absorbs  oxysen, jNissing  into  hydrated  acetic  acid  :  for 
C4  H*,  0  +  HO,  with  O.,  at  once  produce  C*  Ha,  Oa  -f  HO  ; 
or  Ac  0,  HO  -f  0>  =  Ac  Oa,  HO.  Aldehyde  is  a  constant 
ingredient  of  the  nitrous  ether  of  the  pharmacopoeias. 

When  heated  with  caustic  potash,  it  is  rapidly  converted 
into  the  brown  matter  called  resin  of  aldehyde.  If  ^ntiy 
heated  with  oxide  of  silver  and  water,  part  of  the  oxide  is 
reduced  without  effervescence,  coating  the  glass  tube  with  a 
bright  sur&ce  of  silver,  while  the  water  is  found  to  contain 
a  salt  of  silver,  the  acid  of  which  contains  less  o^gen  than 
acetic  acid  :  this  is  aldehydic  or  lampic  acid,  C«  Ha  0»,  HO,  or 
Ac  0 a,  HO.  The  solution  of  aldehydate  of  silver,  if  filtered 
and  heated  to  boiling,  again  deposits  metallic  silver,  while  the 
aldehydic  acid  becomes  acetic. 

When  long  kept,  even  in  sealed  tubes,  aldehyde  is  trans- 
formed into  two  isomeric  modifications,  namely,  metaldelwde, 
a  hard  crystalline  inodorous  solid,  and  elaldAyde,  whi<£  is 
liquid. 
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Aldehfdite  of  ammonia.  Stn.  Aidehydammonia,  C4  H«, 
0  -f  N  Hj  +  HO.  Aldehyde  has  no  b^ic  characters,  and 
rather  exhibits  a  tendency  to  the  acid  character,  in  combining 
.with  ammonia,  as  it  does  directly,  to  form  a  ciystallised  com- 
pound. To  prepare  it,  as  the  substance  from  which  iddehyde 
18  obtained,  6  parts  of  oil  of  vitriol,  4  of  water,  4  of  alcohol, 
and  6  of  peroxide  of  manganese,  in  fine  powder,  are  distilled 
together.  The  crude  product  is  twice  rectified  over  chloride 
of  calcium;  it  is  now  aldehyde,  containing  a  little  water, 
alcohol,  and  acetic  and  formic  ethers ;  and  uis  liquid,  when 
mixed  vrith  ether,  and  saturated  vrith  ammoniacal  gas,  yields 
^stals  of  the  new  compound,  which  are  washed  with  ether. 
These  crystals  become  brown  on  being  kept,  even  in  close 
vessels,  and  acquire  the  smell  of  burnt  feathers.  They  dis- 
solve in  water  and  alcohol,  but  hardly  in  ether.  Nitrate  of 
silver  forms,  in  the  concentrated  solution,  a  precipitate,  insoluble 
in  alcohol,  which,  when  heated,  is  reduced. 

Thialdine.  laebig  and  Wohler  have  very  recently  dis- 
covered that  when  an  aqueous  solution  of  aldehydammonia  is 
acted  on  by  sulphuretted  hydrogen,  a  little  ammonia  beine 
previously  added,  crystals  of  a  new  compound  are  deposited, 
which  has  basic  properties,  and  has  been  called  Thialdine,  It 
is  produced  by  the  action  of  3  eqs.  of  aldehydammonia  on 
6  e^  of  sulphuretted  hydrogen.    Thus — 

3  eqs.  aldehydammonia  •         •     C 1  a  H2 1  Ns  0  s 
aad  6  eqs.  sulphuretted  hydrogen .  Ho  Se 

ClftH97N8  0«S« 

yield  1  eq.  Thialdine   .        •        .     OisHisN   84 
6  eqs.  crater    •         .         .     .  He  0« 

2  eqs.  snlphuret  of  ammonium  Ha    NaSa 

CiaHarNsSaOe 

Thialdine  is  almost  insoluble  in  water,  but  very  soluble  in 
alcohol  and  ether.  It  is  deposited,  by  spontaneous  evaporation, 
from  its  etherial  solution,  in  large  and  beautiful  crystals, 
resembling  camphor.  It  is  very  volatile  and  fusible,  has  an 
unpleasant  aromatic  smell,  and  is  a  powerful  base,  neutralising 
the  strongest  acids,  and  forming  beautiful  crystalline  salts. 
When  heated  with  hydrate  of  lime,  thialdine  yields  leucoUne 
OTguinoline,  one  of  the  volatile  bases  of  coal  tar. 

When  aldehydammonia  is  acted  on  by  seleniuretted  hydro- 
gen, an  analagous  basic  compound,  selenaldine,  is  formed ; 
and  it  appears  probable,  from  the  experiments  of  Liebig  and 
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Wohler,  that  telkretted  hydrogen  is  capable  also  of  yielding 
a  similar  compound. 

2.  Acetal.  Cs H«  O»=04 H«,0  +  C4Hft,0  +  HO=rAcO  +  AeO  +  HO. 

Is  formed  by  the  action  of  the  oxygen  of  the  air  on  the 
vapours  of  alcohol,  under  the  influence  of  the  black  powder  of 
platinum.  It  is  a  colourless  yeiy  mobile  liquid,  Sp.  G.  0*825, 
boiling  at  203°.  It  misht,  according  to  its  composition,  be  a 
compound  of  3  eq.  oxide  of  ethyle,  and  1  eq.  acetic  acid  ;  for 
3(C4H«,0)  +  C4H3  Os  =  Cie  HibO«  =  2(C8  Hs»  Oa). 
But  the  action  of  potash,  which  forms  resin  of  aldehyde,  and 
of  oil  of  vitriol,  which  blackens  and  thickens  it  as  it  does 
aldehyde,  indicate  pretty  certainly  the  presence  of  aldehyde  ; 
and  we  therefore  prefer  the  formula  above  given,  which  niakes 
acetal  a  compound  of  aldehyde  and  oxide  of  ethyle. 

The  resin  of  aldehyde,  formed  by  the  action  of  potash  on 
aldehyde,  is  little  known.  ElcUdehyde,  an  isomeric  form  of 
aldehyde,  which  is  liquid  at  ordinary  temperatures,  but  solid 
at  32°,  has  a  formula  exactly  trijple  that  of  aldehyde,  Ci  t  Hi  y 
Oo.  Metaldeh^y  the  other  isomeric  modification,  which, 
like  the  preceding,  spontaneously  forms  in  aldehyde,  when 
kept,  has,  no  doubt,  a  similar  relation  in  its  formula  to  that 
of  aldehyde  ;  but  its  precise  formula  is  not  yet  known.  The 
density  of  its  vapour  would  settle  the  point.  It  forms  veiy 
hard  prisms,  which  sublime  at  248**  without  melting.  It  is 
worthy  of  notice  that  aldeiiyde,  like  the  corresponding  chlorine 
compound,  formed  by  substitution,  chloral^  C4  Cl«  0  +  HO, 
undergoes  very  easily,  and  even  spontaneously,  these  very 
singular  metamorphoses.  This  indicates  a  relation  in  the 
constitution  of  these  bodies  ivhich  cannot  be  overlooked. 

3.  AcetylouB  Add,  (C4  Hs)  Oa.  H  O  =  Ac  0«,  H  O. 
Syn.  Aldefydic  Acid.  Lampic  Acid,  It  has  already  been 
stated  that  this  acid  is  obtained  in  combination  with  oxide^  of 
silver,  when  aldehyde  is  ^ntly  heated  with  excess  of  that 
oxide  in  water.  llie  solution,  when  the  silver  has  been  sepa- 
rated by  sulphuretted  hydrogen,  contains  the  acetylous  acid 
very  diluted.  It  is  very  easily  decomposed,  especially  by 
heat,  into  acetic  acid  and  a  brown  resin,  like  that  of  aldenvde. 
When  the  acetylite  or  aldehydate  of  silver  is  decomposed  by 
batyta,  so  as  to  precipitate  all  the  oxide  of  silver,  and  the 
acetylite  of  baryta  is  now  heated  with  the  precipitated  oxide 
of  silver,  the  metal  is  reduced,  and  aeetcOe  of  baiyta  is  now 
found  in  the  solution.  This  demonstrates  the  relation  of 
acetylous  to  acetic  acid :  for  Ba  0,  Ac  O9  -|-  Ag  0  =  Ba  0, 
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Ac  O3  +  Ag.  This  acid  is  one  chief  ingredient  of  the  acid 
produced  by  the  slow  combustion  of  ether  in  the  lamp  with  a 
spiral  of  platinum  wire  on  the  wick,  the  platinum  continuing 
red-hot,  but  no  flame  appearing,  and  which  acid  is  called 
lampic  acid. 

4.  Acetic  Acid.    O4HS,  Os  +  H  0  =  AcOs,HO. 

Syn.  Acefylic  acid, — PyrcUgneous  add. —  Vineaar. — This 
important  acid  is  formed  in  two  principal  ways :  first,  by  the 
oxidation  of  alcohol ;  and,  secondly,  by  the  destructive  distilla- 
tion of  wood.  Wine,  beer,  and  other  fermented  liquors,  if 
exposed  to  the  air,  under  certain  circumstances,  undergo  wnat 
is  erroneously  termed  the  acetous  fermentation ;  that  is,  they 
attract  oxygen  from  the  air,  undergo  ei*emacausis  of  the  alcohol 
they  contam,  and,  after  a  time,  contain  no  alcohol,  but  in  its 
place  acetic  acid ;  they  are,  in  fact,  converted  into  vinegar. 
The  ultimate  change  is  very  simple :  C4  Ha  Oa  +04  =  0* 
Hj  Oa,  3  HO,  =  Ac03,  HO  4-  2  aq.  But  we  have  already 
seen  that  there  are  intermediate  steps  in  the  process.  The  first 
effect  of  the  oxygen  is  to  remove  from  the  alcohol,  or  rather 
from  the  ethyle  in  it,  2  eq.  of  hydrogen,  thus  leaving  the  radical 
acetyle,  C4  H»,  in  the  place  of  the  ethyle  (C4  Hs)  0,  HO  + 
Oa  =  (C4  Ha)  0,  HO  +  2  aq.  In  this  stage,  alcohol  is  sim- 
ply converted  into  aldehyde,  while  2  eq.  of  water  are  formed. 
In  the  next  stage,  the  hydrated  protoxide  of  acetyle  (the  alde- 
hyde), or  rather  the  radical  C4  Hs,  takes  up  2  additional 
equivalents  of  water,  and  thereby  becomes  acetic  or  acetylic 
acid  (C4  H/)  0,  HO  +  Oa  =  (C;  Ha)  O3.  HO. 

Such  being  the  action  of  the  oxygen  of  the  air  on  alcohol,  it 
is  obvious  that  the  process  of  acetification  is  no  fermentation, 
but  a  case  of  eremacausis,  or  slow  combustion.  But,  as  was 
formerly  explained,  the  state  of  eremacausis  is  induced  by  con« 
tact  of  a  body  in  that  state  or  even  in  the  state  of  fermentation 
or  putrefaction,  and  the  presence  of  a  ferment  is  required  to 
commence  the  process  of  eremacausis  of  alcohol.  Pure  alcohol, 
exposed  to  air  alone,  is  not  acetified :  but  if  its  vapour,  mixecl 
with  air,  come  in  contact  with  platinum  powder,  eremacausis 
is  induced.  Hence,  if  alcohol  be  placed  in  a  flat  basin  under  a 
bell  jar,  beside  a  small  flat  dish  containing  platinum  black, 
the  bell  jar  is,  in  a  few  seconds,  filled  with  the  pungent  smell 
of  aldehyde,  and  in  an  hour  or  two,  the  acetification  is  nearly 
complete.  Here  the  platinum,  by  virtue  of  its  singular  power 
of  causing  gases  or  vapours  to  unite  on  its  surface,  acts  as  a 
ferment,  or,  as  it  may  be  called,  an  excitant,  inducing  the  slow 
combustion,  and  acting  as  a  carrier  of  oxygen  from  the  air  to 
the  alcohol. 
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I 
In  wine  or  beer,  there  is  present  an  actual  femlent  in  th6 
shape  of  gluten  or  fibrin,  at  least  in  all  cases  where  the  Tinons 
fennentation  has  not  decomposed  the  whole  of  the  ferment. 
In  these  cases,  ei^K>sure  to  the  air  for  a  short  time  caoses  the 
decomposition  of  the  gluten,  &c.,  to  recommence,  and  this  state 
of  decomj^sition,  consisting  in  part,  no  doubt,  of  erema- 
causis,  bemg  mechanically  communicated  in  the  shape  of 
motion  to  ihe  particles  of  alcohol,  slow  combustion  com» 
mences,  and  continues  till  every  trace  of  alcohol  has  been 
acetified,  when  the  process  is  arrested  for  want  of  fuel,  that 
is,  of  alcohol.  Where,  in  the  fermentation  of  wine  (as  sherry), 
or  of  beer  (as  Bavarian  beer),  all  ferment  has  been  destroyed 
or  removed,  these  liquors  do  not  become  sour  when  exposed 
to  air ;  and  if  we  wish  to  acetify  them,  we  must  add  yeast  or 
some  other  ferment.  So,  also,  when  we  wish  to  make  strong 
vinegar  by  the  acetification  of  brandy  or  of  whiskey,  we  have 
to  add  a  ferment,  such  as  yeast,  and  expose  the  mixture  to  a 
certain  temperature  in  open  vats.  By  carefully  attending  to 
all  these  principles,  the  process  of  acetification  may  be  very 
much  abndged.  The  foUowing  is  the  rapid  process  now  fol- 
lowed on  the  Continent.  There  is  made  a  mixture  of  1  part 
of  alcohol  at  80  p.  c,  4  to  6  parts  of  water,  and  t-oW  o^  &  ^*^- 
ment  such  as  vinegar,  honey,  or  must  of  beer.  A  large^  hidi 
barrel  is  packed  with  twigs  or  shavings  of  beedi,  Drevioasly 
soaked  in  strong  vinegar,  and  holes  are  drilled  in  tne  middle 
and  upper  part  of  the  barrel  to  admit  a  free  circulation  of  air. 
The  mixture  is  now  warmed  to  from  75°  to  80°,  and  made  to 
trickle  slowly  upon  the  shavings  and  through  the  barrel,  thus 
exposing  an  immense  surface  to  the  air.  The  temperature 
rises  rapidly  to  95°  or  105°,  and  if  a  proper  supply  of  air  be 

S'ven,  continues  at  that  point  during  the  operation.  When 
\e  mixture  has  been  three  or  four  times  passed  through  the 
barrel,  it  is  found  perfectly  acetified  :  this  may  take  place  in 
from  24  to  36  hours.  Should  the  supply  of  fresh  air,  that  is, 
of  oxygen,  be  deficient,  much  aldehyde  is  produced,  whidi, 
from  its  volatility,  is  carried  off  as  vapour,  and  lost.  This  was 
long  a  source  of  great  loss  to  the  makers,  and  the  cause  could 
not  be  traced,  until  Liebig,  by  the  discovery  of  aldehyde,  ex* 
plained  it,  and  showed  how  to  avoid  the  loss,  by  giving  a  due 
supply  of  air.  The  manufacturer  now  obtains,  as  nearly  as 
can  be  expected,  the  theoretical  quantity  of  vinegar  from  his 
spirits.  Any  aromatic  substance,  or  essential  oil,  or  even  a 
trace  of  wood  vinegar  (contaminated  with  kreosote,  &c.)  will 
arrest  the  progress  of  acetification. 
The  peculiar  pleasant  smell  of  good  vinegar,  in  addition  to 
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tliat  of  pure  dilnted  acetic  add,  is  owing  to  the  presence  of 
acetic  emer.  Distilled  vinegar  is  a  tolerably  pnre  but  weak 
acetic  acid ;  bnt  to  obtain  acetic  acid  pure  and  strong,  we  must 
have  reconrae  to  the  salts  of  acetic  acid,  which,  when  distilled 
with  moderately  strong  snlphoric  acid,  yield  pure  acetic  acid, 
mixed  with  more  or  less  water. 

The  pyroligneous  acid  is  contaminated  with  pyroxylic  spirit 
and  with  oil  of  tar.  When  combined  with  soda,  lime,  or  oxide 
of  lead,  these  salts  may  be  easily  purified  by  crystallisation^ 
and  by  heating  them  so  far  as  to  expel  or  destroy  the  oily  im- 
parities. The  pure  salts,  distilled  with  sulphuric  acid,  yield 
acetic  acid,  identical  with  that  from  true  vinegar. 

HydraUd  acetic  acidy  radical  vinegar,  or  erystallisable  aceHe 
acid,  AcOs,  HO,  is  obtained  by  distilling  3  parts  of  dry 
powdered  acetate  of  soda  with  9*7  of  oil  of  vitriol,  as  pure  and 
concentrated  as  possible  :  ^  of  the  acid  distils  over  by  the  heat 
roontaneously  developed  in  the  mixture ;  a  gentle  heat  expels 
the  rest  The  product  is  rectified  and  exposed  to  a  cold  of 
S3°  or  24°,  when  crystals  of  the  hydrate  are  formed  in  a 
weaker  liquid.  The  crystals  are  allowed  to  drain,  and  then 
melted,  and  again  exposed  to  cold.  The  crystals  of  this  second 
operation  are  generally  free  from  all  superfluous  water.  At 
temperatures  l^low  60°,  hydrated  acetic  is  solid,  at  62°  or  63° 
it  melts,  forming  a  liquid  which  sometimes  continues  liquid  at 
a  much  lower  temperature,  and  then  crystallises  from  some 
very  trifling  cause.  The  Sp.  G.  of  the  liquid  is  1'063  ;  it  boils 
at  248°  ;  has  a  pungent,  peculiar,  but  agreeable  smell,  and  a 
burning  acid  taste.  It  raises  a  blister  on  the  skin,  and  soon 
produces  a  painful  sore,  like  a  mineral  acid.  It  is  miscible  in 
all  proportions  with  water,  alcohol,  and  ether.  It  dissolves 
camphor  and  essential  oils ;  and  the  aromatic  vinegar  is  a  sola* 
tion  m  it  of  camphor,  with  a  little  oil  of  lemons  and  bei^gamot,  &c. 
Strong  acetic  acid,  in  this  form,  is  used  as  a  diffusible  stimulant, 
applied  to  the  nostril  in  funtness  or  sickness.  It  may  be  used, 
also,  externally  as  a  very  powerful  rubefacient  and  epispastic. 
The  hydrated  acid  is  combustible.  It  is  decomposed  by  anhy- 
droos  sulphuric  acid,  yielding  a  new  acid,  wlphaccHc  acid  :  also 
by  chlorme,  yielding,  by  substitution,  eUmicelic  add.  The 
vaponr  of  acetic  acid,  passed  through  a  red-hot  tube,  yields 
carbonic  acid  and  acetone,  Cs  Ha  0 :  the  same  truisformation 
occurs  when  acetic  acid  is  heated  with  bases. 

The  salts  of  acetic  acid  are,  almost  without  exception,  soluble 
in  water :  the  acetates  of  silver  and  protoxide  of  mercury  are 
sparingly  soluble.  The  formula  for  the  neutral  acetates  is  M0| 
C4  H«  Oj^  or  M,  C4  Hs  0««    There  are  hardly  any  acid  salts ; 
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bnt  a  consideTable  numbeT  of  basic  salts,  as  basic  acetates  of 
lead  and  copper. 

Acetate  of  oxide  of  etfyle  or  acetic  ether,  AeO,  AcOa,  is 
easily  prepared  by  distilling  10  parts  of  acetate  of  soda,  16  of 
oil  of  yitnol,  and  6  of  alconol.  The  product  is  rectific^i  over 
lime  and  chloride  of  calcinm.  It  may  also  be  obtained  by 
distilling  any  sulphovinate  with  strong  acetic  acid.  In  either 
case,  acetic  acid  is  brought  in  contact  with  nascent  ether,  and 
combines  with  it.  Acetic  ether  is  a  colourless  liquid,  of  a 
refreshing  odour,  very  combustible.  It  boils  at  165*^ ;  its  Sp. 
O.  is  0'89.  It  is  easily  decomposed  by  alkalies,  jrielding  an 
acetate  and  alcohol.    Acids  also  decompose  it.    It  is  alwaprs 

S resent,  in  small  quantity,  in  wine  vinegar,  which  owes  its 
avonr  to  this  compound. 

Acetate  of  amtnania.  There  is  a  well-known  febrifuge  and 
diaphoretic  remedy  called  the  spirit  of  Mindererw,  vhich  is  a 
diluted  solution  of  acetate  of  ammonia,  formed  by  nentralisi]^ 
distilled  wine  vinegar  with  carbonate  of  ammonia.  A  more 
uniform  preparation,  although  stronger  than  that  usually 
employed  here,  is  made  by  neutralising  6  parts  of  a(|ua 
ammoniae,  Sp.  Q.  0*96,  with  strong  acetic  acid,  and  ad<hng 
enough  water  to  make  up  24  parts.  This,  being  uniform,  can 
easily  be  reduced  if  desirable.  There  is  an  acid  acetate  of 
ammonia,  which  forms  deliquescent  needles.  Acetate  of  poimk^ 
KO,  Ac  O3,  is  obtained  as  a  fibrous  ciystalline  mass,  very 
deliquescent,  which  has  a  warm  saline  taste.  It  is  much  used 
as  a  diuretic.  When  heated  with  arsenious  acid,  it  yields  oxide 
of  kakodyle ;  a  substance  of  most  remarkable  composition  and 
characters,  €«  Ho  As,  O.  Acetate  of  Soda  Na  0,  Ac  0>  -f-6  aq. 
is  formed  from  pyroligneous  acid,  and  is  the  form  in  whidi 
the  acid  is  brought  in  order  to  be  purified  from  oil  of  tar.  The 
salt  is  melted  at  a  moderate  heat,  and  roasted,  then  reniiasolved, 
filtered  through  charcoal,  evaporated,  again  melted,  and  so  on, 
until  it  becomes  snow-white.  10  parts  of  the  ctystals  of  the 
salt,  after  the  first  fusion,  while  still  slightly  coloured,  beintf 
distilled  with  6  of  oil  of  vitriol,  yield  what  is  called  wood 
vinegar,  sufficiently  pure  for  use,  but  requiring  7  waters  to 
reduce  it  to  the  average  strengtii  of  wine  vinegar.  Acetates 
of  baryta,  strontia,  and  lime,  all  crystallise  readily.  The  first  is 
used  as  a  test ;  the  last  in  the  manufacture  of  acetic  add 
and  all  other  acetates  from  pyroligneous  add.  Acetate  ef 
alumi/na,  Al«  03,3  Ac  O3.  prepared  by  mixing  solutions  of 
alum  and  acetate  of  lead  (or  of  baryta)  is  veiy  soluble.  It  is 
much  used  in  the  above  form,  containing  sulphate  of  potash, 
as  a  most  valuable  mordant  in  dyeing  and  calico  printing. 
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When  heated  it  deposits  an  insolable  basic  salt,  which  adheres 
tenaciouslj  to  the  cloth,  and  afterwards  combines  firmly  with 
the  colouring  matter.  The  pure  acetate  of  alumina,  formed 
£com  sulphate  of  alumina  and  acetate  of  baxyta,  is  not  so 
decomposed  by  heat,  but  requires  the  presence  of  a  neutral 
salt  Acetate  of  manganese,  Mn  O,  Ac  Oa,  formed  by  acting 
on  sulphate  of  manganese  by  acetate  of  lime,  is  much  used  in 
calico  printing,  as  it  gives,  with  bleaching  liquor,  a  rich  bronze 
brown.  Acetate  of  einCy  Zn  0,  Ac  Os,  +  3  aq.  is  used  in 
medicine  and  pharmacy.  Acetate  of  protoxide  of  iroUf  Fe  0, 
Ac  0  a  is  used  as  a  mordant.  Acetate  of  peroxide  of  iron^ 
Fet  Oj,  3  Ac  Oj,  is  formed  by  precipitating  acetate  of  lead 
with  persulphate  of  iron.  It  has  the  same  Taiuable  properties 
as  acetate  of  alumina^  depositing  a  basic  salt,  when  heated 
with  neutral  salts,,  and  is  much  prized  as  a  mordant.  Acetate 
of  lead;  a.  neutral,  Syn.  Sugar  of  lead ;  is  best  prepu:ed  by 
diasolying  lithaige  in  acetic  acid,  and  crystallising.  It  has 
a  sweet  astringent  taste,  and  is  much  used  as  an  astringent 
and  styptic  in  diarrhoea,  dysenter^^  and  various  hemorrh^es. 
It  is  poisonous,  especially  where  it  forms  carbonate  :  it  ought 
therefore  never  to  be  given  without  abundance  of  vinegar 
being  taken  by  the  patient.  The  crystals  are  Pb  0,  Ac  Oa  + 
3  aq.  h,  sesquibasic,  3  Pb  0  +  2  Ac  Oa  soluble  pearly  scales. 
c,  tribaeic  or  svbaeetate  of  lead  is  formed  in  crystals  by  mixing 
1  vol.  of  aqua  ammonisB  with  5  of  a  cold  saturated  solution  of 
the  neutral  salt,  and  setting  it  aside.  It  forms  lonjB;  needles. 
The  solution,  or  Goulard's  extract,  is  made  by  digesting  7 
parts  of  litharge  with  6  of  sugar  of  lead  and  30  of  water, 
tiU  the  oxide,  which  is  not  dissolved^  has  become  white.  It  is 
much  used  as  a  lotion,  and  to  precipitate  gum,  organic  acids, 
albumen,  caseine,  extractive  matter,  &c.,  from  organic  mix- 
tures, and  solutions.  Its  formula  is  3  Pb  0 + Ac  0  a .  a.  sexbasic, 
formed  by  adding  the  last  or  any  of  the  previous  acetates 
of  lead  to  an  excess  of  ammonia.  It  forms  a  crystalline 
powder ;  very  sparingly  soluble,  which  is  6  Pb  0  +  Ac  Oa .  It 
usually  exists  in  white  lead,  along  with  carbonate  of  lead. 

Acetate  of  Copper,  a.  neutral;  appears  in  two  forms :  as 
dark  green  oblique  rhombic  prisms,  oecoming  opaque  in  air, 
Cu  0,  Ac  0'  4-  aq. ;  and  as  dark  blue  transparent  ciystals  of 
great  beauty,  Cu  0,  Ac  Oa  +  6  aq.  These  latter,  heated  to 
86^,  lose  4  eq.  of  water,  and  fall  to  a  powder  of  the  green  salt. 
b.  bibasic  or  verdiaris,  2  Cu  0  +  Ac  Oa  +  6  aq.  =  Cu  0,  Ac  Oa , 
5  aq.  4-  Cu  O,  H  0.  Verdigris  is  prepared  by  a  tedious  process, 
and  is  seldom  pure,  containing  usually  different  basic  acetates. 
€.  eeaquiboiic,  3  Cu  0,  2  Ac  Oa  +  6  aq.    d.  tribaeic,  6  Cu  O, 


406        OXIDE  OF  ETHTLE  AXD   CHLORINE. 

2  Ac  O3,  +  3  aq.  The  two  last  occnr  in  the  Terdigris  of  com- 
merce.   All  these  salts  are  poisonous. 

Schtffeinfuri  or  Vienna  ffreen  is  a  double  salt,  formed  of 
acetate  and  arsenite  of  copper, Cn  O^  Ac  0«  +  3  (As*  Os,  Cn  O); 
is  fonned  when  10  parts  of  verdigris,  suspended  in  water,  are 
left  to  digest  for  24  hours,  aft«r  mixing  them  with  a  hot  sola- 
tion  of  8  parts  of  arsenioos  acid  in  100  of  water.  A  dirty 
green  precipitate  first  appears,  which,  on  standing,  changes  to  a 
most  beautiful  green,  much  used  as  a  paint. 

Acetate  of  protoxide  of  mercury  is  obtained,  in  sparingly 
soluble  silveiy  scales,  by  adding  acetate  of  potash  to  pzvto- 
nitrate  of  mercury,  both  hot.  It  blackens  when  exposed  to 
light.    It  is  used  in  medicine,  especially  on  the  Continent. 

Acetate  of  silver,  Ag  0,  Ac  Os,  very  much  resembles  the 
preceding  salt.  It  is  occasionally  used  as  a  test.  It  is  very 
sparingly  soluble. 

ACTION  OF  CHLORINE,   BROMINE,  ETC.,  ON   ETHYLE,   ACETTLE, 
AND   THEIR   DERIVATIVES. 

1.  Oxide  of  Ethjle  and  Chlorine. 
When  dry  chlorine  is  made  to  act  on  ether,  with  the  aid  of 
the  sun*s  rays,  there  are  produced  several  compounds.     The 

first  is  a  heavy  oily  liquid,  oxychloride  of  acetyle  C4H3  j  ^ 

which  is  diy  acetic  acid,  with  2  eq.  of  oxygen  replaced  by  2  eq. 
of  chlorine.  With  water,  it  forms  acetic  and  hydrochloric  adds. 
When  the  action  is  pursued,  there  is  obtained  a  compound 
C 4  CI  5  0,  which  is  ether,  in  which  all  the  hydrogen  is  replaced 
by  chlorine.  The. first  compound  may  be  connected  wiUi  this 
one  by  being  viewed  as  ether  in  which  hydrogen  is  partially 

replaced  by  chlorine,  C«  <  q/  0.  Finally  there  is  obtained  a 

crystallisable  solid  compound,  C4  CI s,  which  may  be  represented 
as  C4  Cls,  CI,  showing  that  the  oxygen  of  ether  is  sdso  here 
replaced  by  chlorine.  This  last  body  is  chloride  of  carbon,  C« 
Cls  for  C 4  Cls =2  C 9  CI 3.  Besides  these  compounds,  there  are 
others  formed  at  the  same  time,  more  difficult  to  separate,  and 
which  are  doubtless  the  intermediate  links  of  the  chain  of  sub- 
stitutions, beginning  with  ether  C4  H«,  0,  and  ending  with 
chloride  of  carbon,  C  4  Cls,  CI.  The  other  membera  of  the  series 
which  are  more  easilv  obtained  by  the  action  of  chlorine  on 
chloride  ofethyle  (see  below,  p.  408),  are,  C4  Hs,  CI,  chloride  of 

ethyle:  C,  jg;Cl:C,  {  g^  a:C,  {&'.  «:€«  jg^  Qjand 
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as  the  com^nnd,  C«  Glc  0  is  formed,  it  is  probable  that  there  is 
another  series  beginning  with  ether,  and  ending  with  C4  Ch,  O, 
in  which  the  oxygen  remains  unchanged.  The  above  are  not  aU 
cases  of  substitution  with  preservation  of  the  type ;  for  the  com- 
pound C*  I  Q^  O,  may  very  likely  be  C4H3  <  q,  belonging  to 

the  type  of  acetic  acid,  rather  than  that  01  ether.  These 
compounds  are  as  yet  but  little  known ;  it  is  obvious  that  the 
simultaneous  occurrence  of  so  many  similar  compounds  must 
render  the  study  of  them  exceedingly  complicated  and  difficult. 

The  body  C*  Hj   <  qi     or  oxychloride  of  acetyle,  when 

acted  on  by  sulphuretted  hydrogen,  3rields  two  new  compounds, 
in  which  its  chlorine  is  partially  or  entirely  replaced  by 
sulphur.  Both  are  crystalline :  one,  the  oxysulphuret  of  acetyle, 

C4  Hj    <  g  forms  large  colourless  prisms :  the  other^  oxy- 

chlorosulphuret  of  acetyle,  C«  Hs  ]  s    forms  yellow  tabular 

\  CI, 

crystals* 

2.  Salts  of  oxide  of  etLyle  'witli  chlorine. 

When  chlorine  acts  on  these  salts,  or  ethers,  their  oxide  of 
ethyle  is  acted  on  as  if  separate,  but  in  many  cases  the  adds 
remain  combined  with  the  new  chlorimsed  compounds ;  or  the 
acids  also  are  acted  on,  and  the  products  derived  from  them 
combing  with  those  derived  from  the  ether. 

Acetic  ether  yields  a  compound  Cs  Hs  Ch  O4,  which  may  be 

viewed  asC«Ha<Q    +C4H3  O3,  that  is,  acetate  of  the  oxy» 

chloride  of  acetyle.  When  the  compound  is  further  exposed  to 
the  action  of  chlorine  at  a  high  temperature,  it  yields  a  series  of 
comp>ounds,  in  which  its  hydrogen  is  gradually  replaced  by 
chlorine,  till  the  compound  Cs  Cls  O4  is  left,  which  is  called 
perchloruretted  acetic  ether.  Acetic  ether  is  Ca  Hs  0« ;  and  we 

have  the  acetate  of  oxychloride  of  acetyle  Cs  )  r;/0« ;  then 
C-l":  0«=C.{H;  0,:C.{g-  0.:C.  jH;o,:  C. 

tfTi  0«:  and  Cs  CU  O4.    The  two  last  can  be  obtained,  with 
( H 

certainty,  pure :  the  others,  after  Cs  J  q^  O4,  are  so  mixed  that 

it  is  very  difficult  to  obtain  them  pure  enough  for  analysis. 

When  berueaie  eth^,  Ae  0,  BzO,  is  acted  on  by  chlorine,  it 
loses  2  eq.  hydrogen,  and  1  eq.  oxygen,  and  takes  up  3  eq. 
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chlorine,  producing  a  compound  which  may  be  viewed  as  con- 
taining chloride  of  benaoyle  and  oxychloride  of  acetyle,  BzCl 

-f-  C4  Ha   \  pi      =  Ci«  Hs  Cls  O3. 

Oxalic  ethety  exposed  to  the  action  of  chlorine,  under  the 
influence  of  the  direct  rays  of  the  sun,  loses  all  its  hydrogen, 
which  is  replaced  by  chlorine.  (C«Hc)  0,  C9O3  thus  be- 
comes (C4  Ch)  0,  Ca  0«.  The  latter  is  called  eklorosMUe 
ether.  It  is  a  crystallisable  solid,  fusible  at  288^.  Dry  am- 
monia acts  on  it  as  on  oxalic  ether,  producing  MoraeamethoMie,  a 
crystalline  compound  analogous  to  oxamethane.  It  was 
formerly  stated  that  oxamethane,  CsH»NO«,  has  the  com- 
position of  oxamate  of  oxide  of  ethyle  (C^  Hs)  0+C«  H» 
NO*  ;  or  of  oxalic  ether  plus  oxamide  (C4H5)  O,  C*  0«  -h 
NHs,  C»  Oa.  In  like  manner,  chloroxametluuie  represents 
chloroxalic  ether  plus  oxamide :  (C 4  Cls)  0,  C»  Oj  +  NHa, 
C8  0s  =  C8H«Cls  NOo.  When  chloroxamethane  is  left  in 
contact  with  ammonia,  it  takes  up  2  e<}.  of  water,  and  forms 
a  new  salt,  chloroxalovinate  of  ammonia,  €«  Cls  0,  NH«  O, 
2  Ca  Os,  which  is  very  deliquescent.  From  the  correspond- 
ing salt  of  soda  the  chloroxalovinic  acid  may  be  obtained, 
which  may  of  course  be  viewed  as  an  acid  oxalate  of  the  com- 
pound C4  Cls  0.  Its  formula  is.  C4  Cls  0,  Ca  O3-I-HO,  C»  O*. 
ny  the  action  of  alcohol  on  chloroxalic  ether,  there  is  formed 
a  neutral  oil,  Cs  Cls  Or,  which  contains  the  elements  of  anhy- 
drous chloroxalovinic  acid,  C4ClsO,  2CaOj  ;  and  w])en  dis- 
solved in  potash,  yields  chloroxalovinate  of  potash. 

Carbonic  ether,  oy  the  action  of  chlorine,  yields  two  products : 

1st,  Bichloruretted  carbonic  ether,  C4  j  ^|' 0,C0.=CsH3Clff 

Os  *  and  2nd,  Perchloruretted  carbonic  ether,  C4  Cls  O,  CO* 
=Cs  Cls  Oj.  The  former  is  an  oily  liquid ;  the  latter  crystal- 
Usable. 

Chloride  of  ethyle  (C*  Hs)  CI,  when  acted  on  by  chlorine, 
yields  a  vesy  remarkaole  series  of  products,  in  which  the  hydro- 
gen is  gradually  replaced  by  chlorine,  as  mentioned  at  p.  264, 
to  which  I  refer  for  the  formulae.  I  shall  only  here  mention  that 

( H 
the  compound  there  represented  as  C4  j  q,*,  CI,  =  C4  H4  C1«, 

corresponds  to  aldehyde,  and  is,  therefore,  probably  (C4  Hs) 
Ci-I-H  CI,  just  as  aldehyde  is  (C4  H>)  0+HO.  In  like  manner, 

the  compound  C4  \qi  9  C1=C4  H 1  CI  j ,  corresponds  to  diy  acetic 

acid,  C4  Hs  Oj.  The  action  of  potash  on  these  two  compounds 
confirms  this  view,  according  to  which  the  former  is  nydro- 
chlorate  of  protochloride,  and  the  latter  perchloride,  of  acetyle. 
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When  ahoMy  the  hydrated  oxide  of  ethyle,  is  tmbjected  to 
the  long-continned  action  of  chlorine,  aided  by  the  son's  rays, 
there  is  formed,  after  a  very  tedious  operation,  a  remarkable 
eoinpoand  called  chloral,  the  empirical  formula  of  which  is  C« 
H  Cl«  Of  =  C4  Cls  0+HO.  This  compound  represents  alde- 
hyde or  hydrated  oxide  of  acetyle,  in  which  the  hydrosen  of 
the  acetyle  has  been  replaced  by  chlorine.  It  is  an  oily  hqnid, 
boiling  at  IdO*",  of  Sp.  G.  1*602.  like  aldehyde,  chloral,  when 
kepty  IS  snontaneonsly  converted  into  an  insoluble  solid  com- 
pound, whidi  has  the  same  composition  as  chloral  itself.  In 
contact  with  water,  chloral  is  soon  converted  into  a  solid 
hydiaie,  which  dissolves  in  a  laiiger  quantity  of  water.  It  con- 
tains 1  eq.  chloral  and  2  eq.  water.  When  heated  with  caustic 
alkalies,  chloral  produces  rormiate  of  the  alkali  and  perchloride 
of  foimyle,  C^  H  CI.  0.  -f  HO,  KO=(C.  H)  0,^  KO+(C,  H) 
Cls.  The  perchloride  of  fonnyle,  in  contact  with  the  alkali, 
is  partly  decomposed,  yielding  chloride  of  the  metal. 

Aooordiug  to  Stfiaeler,  chloral  is  formed  when  starch  is 
heated  with  hydrochloric  acid  and  peroxide  of  manganese. 

Pure  Acetic  Add,  when  acted  on  by  chlorine  and  the  sun's 
rays,  is  converted  into  a  crystallisable  acid,  the  chloracetic 
add,  C4  Cls  Os  HO.  As  acetic  acid  may  be  considered  to  be 
aldehyde  fdiu  2  eq^.  oim^en,  or  hydrated  peroxide  of  acetyle, 
00  chloracetic  acid  is  chforaJ  plus  2  eq.  oxygen,  or  hydrated 
peroxide  of  C 4  Cls,  which  may  be  called  ehhrace^le,  Chlora* 
cetic  add  forms  tabular  crystals,  fusible  at  113^,  boiling  at 
39(y.  The  density  of  the  liquefied  acid  at  113«  is  1*617. 
When  heated  with  excess  of  potash,  it  yields  first  carbonic 
add  and  perchloride  of  fonnyle,  C«  Cls  Os,  HO  +  2  KO  = 
S  (KO,  CO*)  +  C«  HCls.  The  perchloride  of  fonnyle  is 
pifftly  converted  by  another  portion  of  potash,  into  formiate 
of  potash  and  chloride  of  potassium.  Ca  ECU  +  4K0  = 
3KCl-|-K0,C.H0s. 

With  bases,  chloracetic  add  forms  salts  which  are  very  ana- 
logous to  the  acetates  ;  and  it  is  very  important  here  to  observe, 
that  both  in  chloral  and  chloracetic  acid,  the  substitution  of 
chlorine  for  all  the  hydrogen  of  the  radical  ^acetyle)  of  aldehyde 
and  acetic  add,  has  not  aiOEected  the  genenu  chemical  characters 
of  the  compounds  ;  that,  in  other  words,  the  original  type  has 
been  retained.  We  have  also  seen,  in  the  preceding  pages, 
among  the  products  of  the  action  of  chlorine  on  oxide  of  ethvle 
and  on  the  salts  of  oxide  of  ethvle,  that  oxide  of  ethyle,  Ct  Hs 
O,  is  converted  into  oxide  of  chlorethyle,  C«  Cls  0,  without  the 
type  being  altered :  the  oxide  of  chlorethyle  fomung  with  the 
aa4B  previously  combined  with  oxide  of  ethyle^  compounds 
8  a 
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analogoaB   to  the  ethers  from,  which  they    are 


ohtainea 

The  wlphurei  ofethj^le  U  readily  acted  on  by  chlorine^  and 
yields  a  yellow  oily  liqaid,  of  Sp.  G.  1*673,  boiling  at  320"*,  of 

a  most  fetid  odour,  the  formula  of  which  is  C«  |  qi     S.     Here 

4eq.  of  hydrogen  of  the  compound,  €«  Hs  S,  are  replaced  by 
chlorine. 

Heon^  muri<aie  ether  is  an  oily  liquid,  formed  by  the  action 
of  moist  chlorine  on  alcohol.  It  is  obviously  a  mixture,  and 
probably  contains  aldehyde,  chloride  of  ethyle,  chloral,  and 
products  intermediate  between  aldehyde  and  chloral. 

Bramal,  C«  Br 3  0,  H  0.  This  compound,  analogous  to 
chloral,  is  formed  by  the  action  of  bromine  on  alcohoL  It 
forms  a  hydrate  with  3  eq.  water.  By  caustic  alkalies  it  is 
resolved  into  formic  acid,  which  combines,  with  the  alkali,  .and 
perbromide  of  formyle. 

Iodine  does  not,  so  fsir  as  is  known,  produce  a  oompoond 
corresponding  to  chloral  and  bromal ;  but  a  solution  of  iodine 
in  alcohol,  treated  with  an  alcoholic  solution  of  potash,  yields 
fonniate  of  potash  and  peroxide  of  formyle,  C»  lilj. 

By  the  action  of  chlorine  on  alcohol,, holding  in  scdution 
hydrocyanic  acid  on  a  metallic  cyanide,  there  is  produced  a 
crystalline  compound,  the  empirical  formula  of  which  appears 
to  be  Ci  0  Hi 4  Na.  CL  Os.  This  is  equal  to  3  eq.  aldehyde, 
2  eq.  chloride  of  cyanogen,  and  2  eq.  water ;  but  the  true 
nature  of  this  compound  is  unknown. 

3.  Componndfe  derived  from.  Alcohol,  but  of  uncertain  contdtntioii. 

Olefiant  Gas,  Syn.  Hyduret  ofAeetjfU:  C^  H*=  C*  H,, 
|tt  =  AcH.  This  well-known  compound  is  generally  present 
in  coal  gas,  oil  gas,  and,  in  general,  in  all  gaseous  mixtures 
produced  by  the  action  of  heat  on  organic  substances.  It  is 
best  obtained  pure  by  heating  1  part  of  alcohol  with  6  or  7  of 
oil  of  vitriol.  There  is  produced  some  ether,  then  sweet  oil  of 
vrine,  and  lastly,  a  mixture  of  sulphurous  acid  and  defiant 
gases.  By  passmg  the  gas  through  milk  of  lime,  the  sulphur- 
ous acid  is  removed,  and  by  then  passing  it  through  oil  of 
vitriol,  the  ether,  alcohol,  and  water  which  may  be  present,  are 
likewise  separated.  Pure  defiant  gas  has  been  already  de- 
scribed (see  p.  128,  Part  I.)  :  here  we  shall  attend  to  its  com* 
binations.  It  is  absorbed  by  anhydrous  sulphuric  acid,  forming 
the  crystalline  compound  formerly  mentioned,  2  SOs  +  O^  H4, 
which,  in  contact  with  water,  produces  ethionic  acid.  When 
mixed  with  its  own  volume  of  chlorine,  both  gases  are  con- 
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densed  into  a  liquid,  the  composition  of  which  is  Ci  H4  Ch. 
This  is  the  oily  compound,  from  which  the  gas  was  called 
olefiant  gas :  the  oil  is  often  called  the  oil  of  the  Dutch  cher 
miats,  haying  heen  discoTered  by  an  association  of  chemists  in 
olluid. 

When  mixed  with  2  vol.  of  chlorine,  and  set  fire  to^  the 
whole  of  the  carbon  of  the  gas  is  deposited  in  the  solid  form  or 
as  smoke,  while  all  the  hydrogen  forms  hydrochloric  acid, 
C*H4  +Cl4  =  4Ha-|-C4. 

The  oil  of  olefiant  gas,  or  of  the  Dutch  chemists,  C-*  H4,  CU, 
maybe  viewed  as  composed  of  hydrochloric  acid,  and  a  chlo- 
ride of  acetyle ;  HCl  +  C«  H3  CI.  When  acted  on  by  an 
alcoholic  solution  of  potash,  chloride  of  potassium  and  water 
are  formed,  and  a  new  compound  separates,  which  is  the  proUh 
ddoride  of  acefyle,  C*  Hj  CI.  It  is  gaseous  at  ordinary  tem- 
peratures, has  an  alliaceous  smell,  and  bums,  like  aU  similar 
chlorinised  compounds,  with  a  dark  red  flame  edged  with  green. 
At  0**  it  condenses  into  a  liquid. 

When  this  protochloride  of  acetyle  is  acted  on  h^  perchloride 
of  antimony,  it  jields,  among  other  products,  a  liquid,  boiling 
at  240^,  which  is  C«  Hs  Ch,  and  therefore  has  the  same  com- 
position as  perchloride  of  acetyle,  formerly  mentioned.  But 
the  action  of  potash,  dissolved  in  idcohol,  proves  that  these  two 
compounds  are  distinct,  and  that  the  one  now  under  considera- 
tion is  C«  HaCla  +  HCl.  At  all  events,  it  yields  chloride  of 
notassium,  water,  and  a  very  volatile  liquid,  C«  H^  Cla  =2  (Cs 
H«  Q),  or  in  other  words,  protochloride  of  formyle. 

By  continuing  the  action  of  chlorine  there  is  obtained  a  com- 
pound C4  H>  Cl4=C4  HCls-fHCl;  which,  with  potash, 
yields  the  bod^  C4  H  Ch  ;  and  the  final  result  of  this  action  is 
the  protochloride  of  carbon,  C*  CI  4 =4  C  CI ;  which,  however, 
unites  with  chlorine  to  produce  the  sesquichloride,  C4  CI4  + 
C1«=C4  CU=2C,  Ch. 

The  perchloride  of  acetyle  has  been  already  mentioned  as  a 
product  of  the  action  of  chlorine  on  ether:  it  is  C4  H<  Ch 
ssAcCla. 

The  oil  of  ol^SaiU  aatf  C4  H4  CI*,-  which  may  be  considered 
the  hydrochlorate  of  chloride  of  acetyle,  C4  Ha,  Cl-fHCl,  is 
best  prepared  by  passing  olefiant  gas  into  perchloride  of  anti- 
mony, as  lon^  as  it  is  absorbed.  The  mixture,  if  distilled, 
fields  the  oil  m  question.  It  is  purified  by  alternate  distilla- 
tion with  water  and  sulphuric  acid,  and  finally  diyiug  it  with 
chloride  of  calcium.  It  is  a  very  mobile  liquid,  of  a  pleasant 
•therial  smell,  and  a  very  sweet  taste ;  it  boils  at  180°,  is  inso- 
luble in^  water,  soluble  in  alcohol  and  ether. 
eb2 
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When  stibjected  to  the  action  of  chlorine^  it  yields  hydnn 
chloric  acid,  and  products  rich  in  chlorine.  Amonf  these  are, 
the  hydrochlorate  of  chloride  of  fonnlye,  C«  H  Cl+H  Cl^  whidi 
distils  at  240^,  and  the  bichloride  of  formyle,  C«  H^  CI*,  which 
distils  at  275^.  This  last  is  finally  converted  into  aesqiii'* 
chloride  of  carbon;  forC*  H,a«=C*  Cl*-fHCl. 

Chloretheral  is  the  name  given  by  D'Azcet  to  a  compound 
formed  by  the  action  of  chlorine  on  defiant  gas,  oontainiiig 
both  alconol  and  ether.  Its  empirical  formnla  is  C«  H«  CI  O ; 
so  that  it  may  be  aldehyde,  plus  oil  of  defiant  gas ;  C*  Hj  O, 
HO  +  C4  Us  CI,  H  Cl=2  (C«  H«  CI  0) ;  or  oxychloride  of 

acetyle,/7/ttf  oxide  of  ethyle :  C«  H«  j  ^^  +C«  Hs  0  =  2  (€« 

H4  CI  0).    The  tme  nature  of  this  compound  is  nnknown. 

Bromine  forms,  with  defiant  01s,  a  liquid  compound  analo* 
sous  to  the  oil  of  defiant  gas.  Its  formula  is  C-*  Ha,  Br  +  H 
Br.  Iodine  forms,  with  defiant  cas,  a  solid  compound,  which 
would  appear  to  be  C4  Hs,  H  +  f«  rather  than  C-*  H a,  I  +  H  I, 

Anhydrous  sulphuric  add  absorbs  defiant  gas,  producing  a 
white  crystalline  solid,  2  SO3  +  C4  H* ;  which,  when  dis- 
solved in  water,  forms  with  I  eq.  of  wat^  ethionic  acid,  2  S 
Oj  +C«H«  0  =  C«H«  Ot  +B«  Os.  The  original  crystal* 
line  compound  has  been  called  sulphacetylic  add. 

4.  Action  of  Bichloride  of  Platinum  on  Alcohol. 

This  action  is  very  complex,  yielding  aldehyde,  chloride  of 
ethvle,  chloride  of  acetyle,  and  other  volatile  compounds,  along 
with  a  salt,  composed  of  chloride  of  platinum  and  chloride  of 
acet3rle.  It  is  possible  that  3  eq.  of  oxide  of  ethvle,  with  4  eq. 
of  bichloride  of  platinum,  may  yidd  1  ea.  aldehyde,  1  eq, 
water,  4  eq.  hydrochloric  acid,  and  2  eq.  ot  the  new  salt.  3 
(C.  H.  0)+4Pt.Cl.  =  CH,  0,H0  +  H0H-4HCl-f  2 
(C4  H3  Cl-fPta  CI).  Zeise  considers  the  salt  to  be  C4  H4  +  2 
Pt  CI,  which  formula  differs  from  the  preceding  in  containing 

1  eq.  hvdrogen  more.    Malaguti  supposes  it  to  be  C«  Ha  O  + 

2  Pt  CI ;  but  Zeise  has  shown  that  it  contains  no  oxygen.  It 
does  not  crystallise,  but  forms  a  gummy  mass,  spontaneously 
decomposing  when  kept. 

When  a  solution  of  bichloride  of  platinum  in  alcohol  is 
digested  with  a  little  hvdrochloric  add,  and  chloride  of  potaa< 
sium,  the  alcohol  distilled  off,  and  ^e  reddue  neutraHsed  hj 
carbonate  of  potash,  a  yellow  crystallisable  salt  is  obtained, 
which  contains  the  preceding  compound,  plus  1  eq.  chloride  of 
potasdum,  C«  Ha  CI  +  Pt*  CI  -f  K  CI.  Similar  double  salts 
are  formed  with  chloride  of  sodium  and  chloride  of  1 
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These  double  salts  fonn  with  ammonia  a  yellow  precipi- 
tate, which  is  C4  Hs  CI,  Pt  CI  +  N  Hs. 

5.  Action  of  Heat  on  Acetic  Add  and  the  Acetates. 

AeeUme, — Stn.  Pyroaeetic  Spirit.  Mesitie  Alcohol.  Formula 
Ca  Hs  0, — \a  formed  when  acetic  acid  is  passed  through  a  tube 
heated  to  low  redness,  along  with  carbonic  acid,  carbonic  oxide^ 
and  carbnretted  hydrogen:  also  when  the  acetate  of  an  alkali 
or  alkaline  earth  is  exposed  to  heat,  when  a  carbonate  is  left, 
and  acetone  distils  oyer.  It  is  best  prepared  by  distilling  a 
mixture  of  2  parts  of  crystallised  acetate  of  lead,  and  1  part 
quicklime.  Its  formation  is  easily  explained ;  for  anhydrous 
acetic  acid,  C4  Ha  Oa,  contains  the  elements  of  1  eq.  carbonic 
add,  and  1  eq.  acetone.  C«  Ha  Oa  =  COt  +  Ca  Ha  0. 
Acetone  is  also  formed  in  the  distillation  of  sugar,  of  citric  add, 
of  tartaric  add,  &c.  It  is  purified  by  rectification,  until  its 
boiling  point  becomes  constant,  at  100°  •  It  is  a  clear  and 
colourless  liquid,  of  Sp.  G.  0*7921,  and  has  a  peculiar  smell  and 
a  pungent  taste.  It  is  misdble  with  water,  alcohol,  and  ether, 
in  all  proportions ;  and  is  separated  from  water  by  the  addition 
of  caustic  potash,  chloride  of  caldum,  or  other  salts  insoluble 
in  acetone. 

Heated  with  hypochlorite  of  lime,  it  is  conyerted  into  car- 
bonic add  and  perchloride  of  formjle.  When  prepared  by  the 
diatillation  of  acetates,  acetone  is  accompamed  by  an  oily 
liquid,  Ci  0  Hs  O. 

Acetone  contains,  in  3  eq.,  the  elements  of  1  eq.  carbonic 
ether  and  1  eq.  defiant  gas  Hiyduret  of  acetyle).  C«  Hs  0, 
CO.  +  C4  Ha,  H  =  C*  H»  Oa  =3  (Ca  Ha  0)  J  or.  in  4  eq.: 
we  haye  the  elements  of  1  eq.  acetic  ether,  and  1  eq.  nyduret  of 
aceUrle:  C*  Hs  0,  C*  Ha  Oa  +  C^Ha,  H  =  Ci.  Hia04  = 
4  (Ca  Ha  0).  Ktme  considers  acetone  to  be  C«  Hs  0*  =  Cc 
Hi  O,  H  0 ;  that  is,  the  hydrated  oxide  of  a  radical  Ce  Hs, 
whidi  he  calls  meniyle*  In  this  yiew,  acetone  is  analogous  to 
alcohol,  and  Cv  Hs  0,  the  oxide  of  mesityle,  to  ether.  But 
although  Kane  has  obtained  this  compound,  C«  Hs  0.  and  also 
another,  Cs  Hs  CI,  his  chloride  of  mesityle^  and  altnough  he 
has  likewise  formed  double  salts  containing  sulphuric  add  and 
the  elements  C«  Hs  0,  yet  the  analognr  is  far  from  being  esta- 
blshed*  It  has  not  yet  been  found  possible  te  reproduce 
acetone,  the  aleohol,  from  the  supposed  ether  of  the  series,  as 
we  can  reproduce  alcohol  from  the  salts  of  oxide  of  ethyle. 
Moreoyer,  in  these  double  salts,  the  body  Cs  Hs  O,  does  not 
act  as  a  base,  but  is  only  coupled  with  the  add,  as  naphthaline 
in  snlphonaphihalic  add.    We  shall  not,  therefore,  enter  into 
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minute  details  of  the  theoretical  views  allnded  to.  It  is  suffi- 
cient to  enumerate  the  supposed  radical  mesifyky  C«  Hs  ;  its 
oxide,  Ca  Hs  0,  oxide  of  mesityle  ;  its  hydrated  oxide,  G«  H* 
0,  H  0  (acetone) ;  the  chloride  and  iodide  of  mesityle,  C«  Hs 
CI  and  Co  Hs  I;  the  acid  sulphate  of  oxide  of  mesityle,  Cr 
Hs  O,  H  O,  2  SOs  (sulphomesitylic  acid) ;  the  double  salts  of 
this  sulphate,  the  formula  of  which  is  C«  Hs  0,  H  O,  2  MO, 
2  SOs  ;  and  a  compound  discovered  by  Zeise,  containing  oxide 
of  mesityle  with  chloride  of  platinum,  Cs  Hs  0,  Pt  01. 

The  action  of  nitric  acid  on  acetone  gives  rise  to  a  new  pro- 
duct :  nitrite  ofcceids  of  ptel^le^  Cs  Ha  0,  NOs ;  phoephoxie 
acid  appears  to  fonn  a  compound  acid  with  acetone ;  and  when 
phosphorus,  iodine,  and  acetone  are  distilled  together,  another 
acid  is  obtained,  which  appears  to  contain  hypophosphorous 
acid. 

When  chlorine  acts  on  acetone,  it  produces  a  liquid,  Os  H« 
CI«  0«,  which  is  called  mesitic  chloral, 

MesitylenSy  C «  H  « .  This  compound  is  obtained  when  acetone 
is  distilled  with  fuming  sulphuric  acid.  It  is  an  oily  liquid, 
boiling  about  300°.  Acetone  2  (Os  Hj  0)  =  C«  H«  +  2  HO; 
and  tms  explains  its  production.         * 

When  mesitylene  is  acted  on  by  nitric  acid,  it  yields  a. 
liquid,  Cs  H«  Os,  called  by  Kane  mesitic  aldehyde.  But  when 
chlorine  is  passed  through  mesitylene,  a  crystalline  solid  is 
obtained,  containing  a  new  radical  pteleyle,  combined  with 
chlorine,  C«  H4  +  CI,  =  C«  H.  CI  +  H  CI.  The  compound 
Ca  H  J  CI  is  the  chloride  of  the  supposed  new  laditel  ptel^le, 
Co  Ha.  Kane  has  described  a  compound  in  yellow  scales, 
which  he  considers  to  be  iodide  of  pteleyle.  It  is  very  desir- 
able that  the  whole  of  the  compounds  derived  from  acetone 
should  be  again  carefully  examined,  since  their  true  constita* 
tion  cannot  be  considered  as  established. 

COMPOUNDS  CONTAINING  ARSENIC,  DERIVED  FROM  ACETTLK. 

When  acetate  of  potash  is  heated  alon^  with  arsenious  acid^ 
a  very  remarkable  liquid  is  obtained,  which  is  the  oxide  of  a 
new  radical.  This  liquid,  which  is  spontaneously  inflammable, 
and  has  a  most  offensive  alliaceous  smell,  has  been  long  known 
in  an  impure  state,  under  the  names  of  the  liquor  of  CmLoI,  and 
alcarsine.  Bunsen,  by  a  lon^  series  of  the  most  profound  and 
persevering  researches,  established  its  true  character  as  the  oxide 
of  the  radical  kakod^le.  He  has  ev^  succeeded  in  obtaining 
the  radical  itself  in  the  separate  state,  and  in  establishing  the 
most  perfect  analogy  between  that  radical  and  a  metal,  in  ul  ita 
chemical  relations. 
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XVIU.  Kakodylk.     C4  H«  As  r=  Kd. 

The  tadical  is  best  obtained  from  the  chloride  of  kakodyle) 
Kd  €1,  by  the  action  of  zinc  at  212*^.  Chloride  of  zinc  is 
formed,  and  kakodyle  ia  set  free.  It  is  rectified  in  an  apparatus 
filled  with  carbonic  acid  gas,  to  prevent  decomposition.  It  is 
a  clear  liquid,  refracting  li^ht  strongly.  When  cooled,  it  crys* 
tallises  in  large  square  pnsms,  and  acquires,  when  pure,  the 
appearance  of  ice.  Its  smell  is  insupportably  offensive,  and 
its  vapour  is  highly  poisonous.  The  two  latter  characters 
belong  to  all  the  compounds  of  kakodyle,  with  hardly  an  except 
tion.  Kakodyle  is  spontaneously  inflammable  in  the  air ;  a  rod 
moistened  with  it  instantly  takes  fire  when  exposed  to  the  air. 
It  forms  two  distinct  oxides :  the  protoxide,  Kd  0  (iJkarsine), 
and  kakodylic  acid,  Kd  Os. 

Protoxide  of  Kakodyle.     C^  He  As,  0  =  Kd  0. 

Syn.  Alkariine,  This  is  the  chief  ingredient  of  the  liquor 
of  Cadet ;  it  is  purified  by  repeated  rectifications  in  an  atmo^ 
sphere  of  carbonic  acid,  and  is,  when  pure,  a  limpid  etherial 
bqnid,  refracting  light  powerfully ;  it  boils  at  about  300^,  and 
at— 9°  it  ciystfulises  in  white  scales  of  a  satiny  lustre.  Its 
smell  is  most  offensive,  and  its  taste  very  nauseous.  If  placed  . 
on  Uie  skin,  it  causes  violent  itching,  and  if  taken  internally  it ' 
is  a  most  energetic  poison.  It  is  sparingly  soluble  in  water, 
more  soluble  in  alcohol  and  ether.  Like  kakodyle,  it  takes  fire 
when  exposed  to  the  air.  When  left  under  water,  it  gradusklly 
disappears,  being  for  the  most  part  converted  into  kakodylic 
add.  The  production  of  oxide  of  kakodyle  is  very  simple : 
8  eq.  dry  acetic  acid  and  1  eq.  arsenious  acid  yield  4  eq.  car* 
bomc  acid  and  1  eq.  oxide  of  kakodyle.  2(C4  H«  Oji)H-A8 
Oa  =4C0a  +C4H.  AsO. 

Kakodylic  Add.    Kd  Os  =  C4  He  As,  Os. 

Stn.  AlearaefM.  Formed  by  the  gradual  oxidation  of  the 
protoxide,  under  water.  It  forms  oblique  four-sided  prisms, 
brittle,  and  of  a  glassy  lustre.  They  have  no  smell,  and  are 
•oluble  in  water  and  alcohol.  Its  salts  do  not  crystallise. 
Many  reducing  agents  convert  it  into  the  protoxide  by  remov- 
ing 2  eq.  of  oxygen«    It  is  not  in  the  least  ^isonous. 

There  appears  to  be  an  intermediate  oxide,  Kd  0* ;  but  it 
has  not  been  obtained  in  a  state  of  purity. 

ChU^ride  of  KahOyU,  Kd  CI  =  C*  He  As,  a*  «  Kd  CI, 
is  obtained  bv  heating  a  compound  of  oxide  of  kakodyle  and 
corrosive  suSlimate   along   with  hydrocblorio  acid:   KdO, 
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HgCl>+HCl=KdCl-fHO  +  Hgat.  It  ia  a  volatile,  hof' 
riblj  fetid  liqaid,  the  vapottr  of  which  attaelu  strongly  the 
lining  membnme  of  the  nose,  and  provokes  a  flow  of  tern. 
When  exposed  to  the  air,  it  deposits  crvstals  of  an  oxychlorida 
of  kakodvle  Kd  0+3  Kd  CI.  The  iodide,  bromide,  and  flaoride 
of  kakodyle,  are  in  all  points  analogous  to  the  chloride  ;  and 
form,  when  eiq>0S6d  to  tae  air,  oxviodide,  ozybromide,  &c. 

Soilphar  fonns  with  kakodyle  three  compounds  ;  the  /wttf^ 
iidphirety  Kd  S,  is  obtained  by  distilling  cnloride  of  kakodyle 
wiUi  hydrosnlphoret  of  solphar  of  barium  :  Kd  Gl  +  Ba  S, 
HS  =  fildS  +  fia  a  +  HS.  It  is  a  clear,  volatile,  very  fetid 
liquid,  heavier  than  water.  It  dissolves  sulphur,  fonmng  the 
HnUphuret  Kd  S«,  which  is  a  very  permanent  compound.  The 
p&nulphur€i^  Kd  o«  is  a  sulphur  acid,  and  forms  sulphur  salts 
which  are  very  permanent,  with  the  sulphnrets  of  highly  basic 
metals.  The  smphur  salt  of  kakodyle  and  lead,  Pb  S,  Kd  8«, 
crystallises  beautifully. 

Cyanide  of  Kako(^rle,  Kd  Cy  =  C«  He  As,  C«  N,  is  formed 
by  distill ing  bicyanide  of  mercurv  with  water  and  oxide  of 
kakodyle.  When  pure  it  forms  large  brilliant  crystals,  vei^ 
fusible  and  volatile.  The  vapour  of  this  compound  is  so  poi- 
sonous as  to  be  in  the  highest  degree  dangerous  to  the  experi- 
menter* 

COMPOUNDS  OF  KAKODTLB  CONTAINING  PLATINXTlf . 

Chloride  cf  Kakopla^Uy  C^  Hr  As  Pt  0«,  CI.  This  com-* 
pound  is  formed  when  an  alcoholic  solution  of  bichloride  of 
platinum  is  added  to  a  similar  solution  of  chloride  of  kakodyle, 
when  a  reddish-brown  precipitate  is  formed^  which,  b^oig 
boiled  with  water,  gives  a  solution  from  which,  on  cooling, 
needles  of  the  new  compound  are  deposited.  Bromide  <f 
kaloflatyle  and  iodide  of  iakopkUyle  may  be  formed  from  f£e 
chloride,  and  are  analogous  to  it.  The  former  i^pears  in  laige 
yellow  crystals,  the  latter  in  golden  micaceous  scales. 

When  the  chloride  is  acted  on  by  sulphate  of  silver,  there  h 
obtained,  along  with  chloride  of  silver,  the  sulphate  of  the 
oxide  of  kakoplatyle,  C4  Hr  As  Ft  0«,  S0>.  It  forms  white 
orystalline  grains. 

The  radical  of  these  singular  compounds,  kakoplatyle,  may 
be  represented  as  composed  of  protoxide  of  platmum.  water, 
and  kakodyle;  PtO,  HO,  C«  H<i  As«.  We  have  therefoie 
the  following  series,  which,  like  those  derived  from  the  bases 
containing  platinum,  formerly  described,  throws  much  light  on 
the  nature  of  the  vegetable  loses. 
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fiaakal,  Kftkoplatyle  Pt  O  +Kd      =  0i4H«AiPtO. 

Chloride  of  do^anhjdraiu  PtO,  Kd  +  Cl 

Chloride,  hydnted  Pt  O,  Ed  +  CI  +  H  O 

Chloride,  ■mmoniatod  Pt  O,  Kd  +  CI  +  N  Ha 

Oxide,  hydnted  Pt  O,  Kd  +  O  +  H  O 

Sulphate,  hydxated  (Pt  O,  Kd  +  0,  H  O)  +  8  0«« 

It  is  to  be  particolarly  borne  in  mind  tbat  this  ndical« 
wboee  baric  character  is  ^nite  obTioas,  contains  two  metals, 
arsenic  and  platinnm,  qmte  foreign^  in  general^  to  organic 
componnds. 

Tne  existence  of  kakodyle  itself,  and  the  perfect  analog 
which  may  be  traced  between  it  and  the  simple  metals,  m 
their  relations  to  all  other  substances,  render  the  results  of  the 
researches  of  Bnnsen,  which  have  been  so  very  briefly  de^ 
scribed  in  this  work,  of  the  very  highest  importance  to  the 
theory  of  oiganic  compounds,  and  espedaUy  to  that  of  com- 
pound radicals* 

APPENDIX  TO  BTHTLS  AND  AOBTYLB.— SUGAR. 

Sorar,  as  the  substance  from  which  alcohol  and  all  the  com-» 
pounds  of  ethyle  are  exclurively  obtained,  comes  properly  to  be 
conridered  here  as  an  appendix  to  these  componnds.  There  are 
several  kinds  of  sugar,  capable  of  undergoing  fermentation  and 
of  producing  alcohol.  These  are,  cane  sugar ;  grape  su^ ; 
(sugar  of  starch ;  of  honey  ;  diabetic  sugar) ;  sugar  of  milk ; 
and  uncrystallisable  sugar.  The  sugar  of  mushrooms  has  been 
found  to  be  mannite^  ^ich  is  not  fermentescible. 

1.  Cfane  sugar,  Ct «  H»  0»  +  2  HO,  occurs  in  great  abund-> 
ance  in  the  sugar-cane,  the  beet-root,  the  maple,  berides  many 
other  vegetables.  It  is  extracted  from  the  juice  of  these  plants 
by  crystallisation,  the  evaporation  being  conducted  at  as  low  a 
temperature  as  posrible.  It  crystallises  with  great  facility, 
either  in  small  grains  by  rapid  cooling  of  a  strong  syrup,  as  in 
loaf  sugar ;  or  in  laige  distinct  cr3r8Uls  by  a  slow  process,  aa 
in  sugar  candy.  The  above  formula  represents  the  comporition 
of  pore  crystallised  sugar. 

Sugar  forms  laige  transparent  hard  crystals,  which  melt  at 
dOS*,  or,  according  to  Peligot,  at  366°,  forming  a  vinnd  liquid, 
which  on  cooling  forms  a  trannMurent  amorphous  mass,  barley 
m^for.  This,  when  kept,  gradually  becomes  crystalline,  opaque, 
and  friable.  About  420<»  sugar  is  converted  into  a  brown  taste- 
less mass,  earamely  losing  3  eq.  of  water. 

Sugar  dissolves  in  4^  of  its  weight  of  cold,  and  in  any  quantity 
of  bouing  water ;  a  solution  saturated  at  230<*  becomes  a  solid 
ciystaUine  mass  on  cooling  (tablet) :  a  solution  saturated  in  the 
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cold  ia  viscid)  and  is  called  syrttp.  Syrop,  wben  long  boiled, 
loses  the  property  of  cr3rBtallising.  The  crystallisation  of  sugar 
from  symp  is  also  prevented  by  the  addition  of  -gV  ^^  oxafic, 
citric,  or  malic  acids.  When  boiled  with  dilnted  snlphuric 
add,  cane  sugar  is  converted  into  grape  sugar.  With  strong 
sulphnric  acid  it  produces  a  dark  broxvn  liquid,  containing  a 
new  add,  snlphosaccharic  acid.  Nitric  acid  converts  it  into 
saccharic  acid,  oxalic  acid,  and  carbonic  add. 

When  boiled  with  verv  dilnted  sulphuric  acid,  sugar  abaozba 
oxygen  from  the  air,  and  produces  formic  acid,  and  &  brown 
matter  identical  witli  ulmine,  formed  hy  the  decay  of  wood. 
Sugar  prevents  the  precipitation  of  many  metallic  solutions  by 
alloilies  ;  and  when  mixed  with  oxide  of  copper  and  potash, 
the  oxide  of  copper  is  dissolved,  forming  a  purple  solntian, 
which,  on  boiling,  deposits  red  suboxide  of  copper.  It  reduces 
partially  the  oxides  of  many  metals,  when  boiled  with  thdf 
solutions. 

Sugar  forms  ciystallisable  compounds  with  the  alkalies, 
oxide  of  lead,  and  chloride  of  sodium.  When  in  contact  with 
the  Hninff  membrane  of  the  stomach  of  a  calf,  or  with  the 
caseine  of  milk,  sugar  is  transformed  into  lactic  and  butyric  adds. 

Su^,  if  taken  along  with  nitrogenised  food,  may  be  oJkd 
nutritious  :  it  would  appear,  however,  to  act  chiefly  in  eontri- 
buting  to  the  support  of  re^iration,  and  thus  keeping  np  the 
animal  heat.  An  animal,  confined  to  sugar  as  food,  soon  dies 
from  want  of  nitrogenised  or  albuminous  matter,  with  the 
symptoms  of  starvation. 

^  When  a  solution  of  sugar  is  examined  by  polarised  li^t,  it 
gives  rise  to  a  series  of  rings  of  the  prismatic  colours,  when  the 
plane  of  polarisation  is  mide  to  rotate  from  left  to  right. 

SUGAR  WITH  BASES  AND  SALTS. 

With  lime  sugar  forms  a  sparingly  soluble  compound,  C  i  •  Hi 
0  •  +  <  i^Q  .  With  baiyta,  it  forms  a  ciystallisable  compoond, 

Gi  9  H»  O9   <  jjQ  .   With  oxide  of  lead  it  yields  an  insoluble 

compound,  Ci^HsOs,  2PbO;  and  with  common  salt  it  yields 

a  crystalline  compound,  2  Ci «  H»  O9 -f  |  x  cr 

2.  Grape  Sugar,  Syn.  Glucose.  Dia^tic  Su^ar.  JSt&rek- 
Su^ar,  C 1  •  H 1 4  0 1 4 .  This  sugar  occurs  in  the  juice  of  many 
fruits,  and  is  besides  a  product  of  the  metamorphosis  of  starch, 
cane  sugar^  woody  fibre,  sugar  of  milk,  &c.,  wnen  boiled  with 
diluted  acids.  It  may  also  be  obtained  from  starch  by  the 
action  of  infusion  of  malt,  or  of  diastase.    It  occurs  in  the 
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Brine  of  those  affected  with  diabetes  meUUus.  The  dystakU 
which  f onn  in  honey  are  likewise  grape  sngar. 

It  is  best  extracted  from  dried  grapee,  or  honey,  and  is  also 
pepared  on  the  large  scale  from  stardi.  1  part  of  starch  is 
boiled  with  4  of  water,  and  from  -rhr  to  i^r  of  sulphuric  acid, 
daring  36  or  40  hours ;  or  an  infusion  of  malt  is  added  to  jeU^ 
of  starch,  which  soon  becomes  liquid,  and,  in  a  few  hours,  is 
converted  into  sugar.  When  add  is  used,  it  is  neutralised  by 
chjJk,  the  solution  of  sugar  filtered,  and  evaporated  to  a  s]rrupy 
or,  if  required,  to  a  dry  mass.  In  this  process,  starch,  Ci «  H i  • 
0 1  o,  takes  up  4  eq.  water,  and  produces  grape  sugar  C  i »  H  > « 
Oi «  ;  so  that  100  parts  of  pure  starch  yield,  or  ought  to  peld, 
122  of  grape  sugar.  The  same  explanation,  only  varying  the 
qoantity  of  water,  applies  to  the  conversion  into  grape  sugar  of 
cane  sugar,  C i  ^  Hi  i  Oi  i  ;  woody  fibre,  Ci «  Ha  Oa  ;  and  sugar 
of  milk^  C 1  s  Hi » Oi  f ,  these  compounds  requiring  3,  6,  and  2 
eq.  of  water  resn)ectively  to  form^pe  sugar. 

The  action  of  infusion  of  malt  is  .not  explained :  all  that  we 
know  is,  that  this  infusion^  or  a  solution  of  diastase,  a  substance 
contained  in  it,  do  actually-  cause  starch  to  take  the  form  of 
grape  sugar.  It  is  probable  that  the  diastase  is  in  a  sute  of 
decomposition,  and  may  act  as  a  ferment  The  action  of  the 
acid  would  seem  to  be  equallv  obscure ;  but  there  is  some 
reason  to  think  that  there  is  first  formed,  as  in  the  case  of 
ether,  a  coupled  acid,  or  acid  salt,  which,  like  sulphovinic  add, 
is  decomposed  by  boiling.  According  to  De  Saussure,  sul*. 
phuiic  acid  and  starch  actually  form  a  ciystallisable  compound. 

Grape  sugar  crjrstallises  from  alcohol  in  square  tables  or  cubes : 
a  concentnSed  syrup  of  it  3delds  only  a  mass  formed  of  crystal- 
line grains.  It  is  much  less  soluble,  requiring  1^  part  of  cold 
water,  and  less  sweet  to  the  taste,  than  cane  sugar :  in  fact,  I 
part  of  cane  sugar  sweetens  as  much  as  2^  of  grape  sugar.  It 
H  nrach  more  soluble  in  cold  alcohol  than  cane  sugar.  At 
212°  |;rape  sugar  loses  2  eq.  of  water;  when  heated  beyond 
284°  it  becomes  caramel.  Hot  water  dissolves  any  quantity 
of  giape  sugar,  but  the  syrup  is  not  nearly^  so  viscid  as  that  of 
cane  sugar.  Solution  of  grape  sugar  exhibits  the  prismatic  rays 
with  polarised  light  when  the  plane  of  polarisation  is  rotated 
from  right  to  left,  the  colours  being  less  brilliant.  Now,  as 
cane  sugar,  when  fermented,  first  becomes  grape  sugar,  the 
oolDureif  rings  at  first  shown  oy  it  when  the  plane  of  polarise* 
tionis  rotated  from  hft  to  right  disappear  during  fermentation^ 
but  reappear  when  rotation  is  made  from  right  to  left. 

Oiape  sugar  is  easily  distinguished  from  cane  sugar  by  the 
action  of  acids  and  bases.    Strong  sulphuric  add  dissolvet 
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^thoat  charriB^  it,  forming  sulphoniMsliarie  nddt  and  tli^ 
alkalies  or  alkaline  eartlis,  ^(^ch  do  not  deoompoae  cane  migar 
unless  very  concentrated,  rapidly  convert  grape  sogar  into  a 
brown  matter.  Peroxide  of  lead  converts  it,  at  212^,  into  basic 
formiate  of  lead,  carbonate  of  lead,  and  water. 

With  baryta  and  lime,  and  oxide  of  Jead,  grape  s^ar  forma 
eomponnds  wbich  it  is  difficalt  to  obtain  pure.  That  with 
baiyta  appears  to  contain  3eq.  bairta  for  2  eq.  of  sugar,  and  as 
the  baryta  replaces  water  in  sach  eomponnds,  it  is  probably 

C«4  Hi*  Ofs,  3  BaO=Cf«H«»  Off  jl^Q^.  The  compound 

with  lime  appears  tobeCitHi»Oiy,  2  GaO ;  and  that  with 
lead  Cit  Hii  Oii,3PbO.  If  wesnj^pose  thediygrapesngar 
tobe  Ci  t  Hit  Oil,  and  to  combine  with  3  eq.  water  and  3  eq. 
base,  then  we  should  haye 

Ciyitalliied  gnpe  ragv    •        •        •    CiaHixOii+     5H0 


-lime        •        •        •    CxaHix  Oil  4- •[ 


rscao 

HO 

(nddeofletd        •    •    CtaHix  On  +  ^8  PbO 


But  the  compound  which  grape  susar  forms  with  common 
salt,  and  which  crystallises  very  readily,  does  not  agree  exactly 
with  this  view.  The  crystals  are  2  (Ci  t  H.  •  d  t)+NaGl+ 
2  HO ;  and  at  212"  they  lose  the  two  e<^uivalents  of  water. 

The  sulphosaechaiic  add,  above  mentioned  as  being  formed 
When  grape  sugar  is  acted  on  by  oil  of  vitriol,  has  not  been 
fully  examined.    It  forms  a  soluble  salt  with  baiyta. 

With  organic  acids  grape  sugar  forms  compounds,  the  so^ 
in  which  cannot  be  brought  to  crystallise.  Hence  oiguiic  acids 
in  v^table  juices  act  injuriously  by  first  converting  cane 
sugar  mto  grape  sugar,  and  then  forming  with  it  uncrystaOisable 
compounds. 

When  sugar  is  boiled  with  hydrochloric  add,  it  yields 
different  brown  products,  according  to  the  strength  of  the  add. 
With  equal  parts  of  add  and  water,  it  yields  a  body,  C«  4  Hit 
0» :  with  a  weaker  add,  two  brown  compounds;  a  soluble  <me, 
C4»  Hi 4  Oit,  and  an  insoluble  one,  040  Hie  0i4.  When 
boiled  with  diluted  sulphuric  add|  two  substances  are  formed^ 
which  are  nearly  black;  one.  MoehubmnSy  insoluble,  and  the 
other  iaechvlmie  add^  solnble  in  ammonia.     The  latter  ii 

C«s  Hi  »  Oii. 

When  boiled  with  alkalies,  cane  sunr  is  first  converted  into 
grape  sugari  and  then  into  formic  adc^  and  two  new  adds^  the 
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^fmac  aeid  and  the  melassic  add,  Glnde  acid  is  very  solable^ 
and  its  fonnola  is  either  Ct «  His  Oi *,  6  HO, or  Ci  *  Ha  Osi 
3  H  O.  It  is  chiefly  formed  before  the  application  of  heat,  which 
converts  it  into  melassic  acid.  This  latter  acid  is  formed  from 
sogar  by  the  joint  action  of  heat  and  alkalies.  It  has  a  yerj 
dark  colour,  and  when  separated  by  hydrochloric  add,  appears 
as  a  black  floccnlent  deposit.  Its  formula  is  Ct  4  H 1 1  0 1  o  (f  )• 
OarameL  the  black  matter  fonned  by  heating  sugar  to  about 
400**,  has  the  formula  of  anhydrous  cane  sugar  Ci  t  H»  0».  It 
dissolves  readily  in  water,  forming  a  solution  like  sepia,  which 
is  tasteless  when  pure.  The  caramel  of  commerce  contains  4| 
good  deal  of  undecomposed  sugar. 

When  sugar  is  distilled  with  3  parts  of  lime,  it  yields  a  liquid 
which  is  a  mixture  of  acetone  and  metacetone.  Metacetone  is  a 
colourless  liquid,  of  an  agreeable  odour,  boiling  at  183*,  and 
insoluble  in  water.  Its  formula  is  C«  Hs  0  ;  and  it  may  be 
considered  as  2  eq.  acetone,  Ce  H«  Ot,  minus  I  eq.  water, 
1  eq.  of  anhydroTU  sngw        •        •        •        •    Cis  H»  O0 

Contamt— 1  eq.  acetone  •  •        •        ,    •  Cs  Hs  O 

1  eq.  metacetone  .         •         ,  Cc  Hs  O 

3  eq.  carbonic  add  •         .        •    •  Ca          Os 

1  eq.  water          •  t        #        •  HO 

Together        .        .        #        #    •    Cia  Hs  O0 

The  formation  of  these  products  is  therefore  easily  accoimted  for. 
When  sugar  is  heated  with  hydrate  of  potash,  several  products 
Are  formed,  but  among  them  is  an  add,  Cs  Hs  O4  =  Co  Hs 
0»,  HO,  which  is  metaeetonie  aeid,  evidently  derived  from 
metacetone  by  oxidation  at  the  expense  of  the  hydrate.  It  is 
very  similar  to  acetic  add,  and,  like  it,  belongs  to  the  series  of 
Tolatile  adds  of  the  general  formula,  (GH)n  +  0«, 

AOnON  OF  NITRIC  ACID  ON  SUGAR. 

Saeckarie  Add,  Ci«  Hi o  On,  6  HO?,  or  C«  H4  O7,  HO, 
18  one  of  the  products  of  the  action  of  diluted  nitric  add  on  cane 
or  grape  sugar.  When  stronger  add  is  used,  oxalic  and  carbonic 
adds  are  the  chief  products.  When  sugar  has  been  heated  with 
8  parts  of  nitric  aeid  and  10  of  water,  the  add  liquid  gives,  wilJi 
basic  acetate  of  lead,  an  insoluble  saccharate  of  lead,  which  is 
decomposed  by  sulphuretted  hydrogen,  and  the  acid  solution  so 
far  neutralisea  with  potash  that  on  evsmoration  it  yields  crystals 
of  the  add  saccharate  of  potash.  Tnis  salt  is  purified,  again 
converted  into  saccharate  of  lead,  and  again  the  lead  salt  is 
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decomposed  by  ralphiiretted  hydrogen.  The  acid  this  time  is 
pore.    It  crystallifles  with  difficulty. 

This  acid  has  been  supposed  to  be  qnintibaaic,  and  to  fonn  five 
leries  of  salts,  but  the  latest  researches  of  Heintz  lead  to  the  eon- 
eknian  that  it  is  either  C(iH4  Or,  HO,  orCi«  Ha  Oi4,  2  HO. 
Owing  to  Qie  veiy  discordant  results  of  different  experimenters, 
we  sludl  not  here  enter  into  details  which  are  uncertain.  Sac- 
charic acid  forms  a  crystallisable  acid  salt  with  potash,  and 
definite  salts  with  many  other  bases.  It  is  isomeric  with  mudc 
add :  for  Ci  >  Hs  Oi «,  2  HO  is  the  probable  formula  of  made 
acid. 

The  saccharate  of  silver,  when  gently  heated  imder  water,  is 
decomposed,  the  silver  being  reduced ;  and  as  this  occurs  with- 
out emrvesoence^  the  reduced  metal  adheres  to  the  glass,  and 
finms  a  bright  mirror  sur&ce.  The  other  saccharates  are  only 
interesting  in  respect  to  their  composition.  On  the  whole, 
saccharic  add  is  a  compound  of  high  theoretical  interest,  and  the 
formation  of  two  isomeric  acids,  saccharic  and  mucic,  by  the 
action  of  nitrie  acid  on  cane  and  grape  sugar  on  the  one  Land, 
and  on  sugar  of  milk  on  the  other,  is  a  fact  which  may  hereafter 
lead  to  a  Knowledge  of  the  true  constitution  of  the  different 
kinds  of  sugar. 

Notwithstanding  the  fact  that  cane  sugar  is  easily  converted 
into  grape  sugar,  and  that  the  formuln  differ  onlv  by  3  eq.  water, 
it  is  evident  that'  these  tWo  kinds  of  sugar  differ  more  than  if 
they  were  merely  different  hydrates  of  the  same  compound. 
Strong  mineral  acids  instantly  decompose  cane  sugar,  but  have 
little  action  on  grape  sugar ;  while  alkalies,  which  combine  with 
oane  sugar  to  form  crys^dline  compounds,  n^idly  convert  givpe 

Xinto  dark  compounds,  glucic  and  melaasic  adds.  And 
Dgh  both  sugars  agree  in  undergoing  the  same  (vinons) 
fermentation,  yet  it  is  most  probable  that  cane  sugar,  before 
fermenting,  becomes  grape  sugar. 

When  vegetable  juices  containing  cane  sugar  are  evaporated, 
the  presence  of  organic  adds  causes  its  conversion  into  gn^ 
sugar ;  and  when  lime  is  added,  to  clarify  the  juice,  the  action  of 
the  lime  on  grape  sugar  when  evi^orated,  produces  glucic  and 
melassic  acids ;  in  other  words,  renders  much  sugar  dark  and 
uncrystallisable,  converting  it  into  molasses.  A  great  part  of 
the  loss  owing  to  this  cause  has  of  late  years  been  avoided  by 
carefully  neutralising  with  sulphuric  acid  as  soon  as  the  lime 
has  effected  the  clarification. 

3.  Supar  of  milk,  or  laOiney  Ct*  Hi»  Oi»  +6  H0  = 
Ct«  H9«09«,is  obtained  by  evaporating  clarified  whey  till  it 
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ciystalliaes.  When  pare  it  fonna  hard  white  cxTstals,  solnhle 
in  5  or  0  parts  of  cold  and  2^  of  hot  water.  The  taste  of  the 
ciystals  is  feeble,  but  a  concentrated  solntioit  tastes  veiy  sweet. 
It  ia  insoluble  in  ether  and  alcohol.  It  stands  between  cane 
sugar  and  grape  sugar  in  composition;  for  while  cane  sugar 
is  Cis  Hii  Oit,  and  grape  sugar  Ci»  Hi4  0i4,  lactine  is 
C>4  H74  09«  =  2(C.>  Hi>  Ois)-  By  boiling  with  diluted 
acids,  it  is  converted  into  grape  suj^.  By  the  action  of  nitric 
acid,  it  yields  mveie  or  MocMactic  <ieia.  It  combines  wiUi 
ammonia  and  with  oxide  of  lead.  Its  presence  preTents  the 
precipitation  of  many  metallic  solutions.  Sugar  of  milk  is 
susceptible  of  the  vinous  fermentation,  and  it  is  well  known 
that  some  nations  prepare  an  intoxicating  liquor  from  milk  by 
fermentation.  There  is  reajson  to  think  that  jweyions  to  fer- 
mentation, it  is,  like  cane  sugar,  converted  into  grape  sugar ; 
and  at  all  events  milk  does  not  ferment  until  an  acid  has  been 
formed  in  it,  which  acid  converts  lactine  into  grape  sugar. 

Sugar  of  milk  forms  two  compounds  with  oxide  of  lead : 
first,  neutral,  C> 4  Hi 9  Oi»,  6PbO:  second,  basic,  C« 4  Hi» 
0.9,  lOPbO. 

Mucie  Acid,  Ci «  Ha  Oi 4  +  2  HO,  ia  formed  when  diluted 
nitric  acid  acts  on  sugar  of  milk,  gum,  or  mannite.  It  is  a  white 
crystalline  powder,  of  a  feebly  add  taste,  soluble  in  6  parts  of 
boiling  water,  which  deposits  nearly  the  whole  on  cooling.  Its 
solution,  when  lon^  heated  and  evaporated,  yields  the  nwdi/led 
mucic  acid,  Mucic  acid  dissolves  in  oil  of  vitriol  witn  a 
crimson  colour.  When  heated  it  blackens,  and  yields  among 
other  productfl^  wromucie  acid» 

Mucic  acid  is  bibasic,  and  forms  two  series  of  salts,  one  with 
2  eq.  fixed  base,  the  other  with  1  eq.  fixed  base,  and  I  eq.  water. 
These  salts  have  little  interest  The  mucate  of  ooeide  of  ethyle  or 
mucic  ether,  ciystalUses  in  4-sided  prisms,  soluble  in  hot  water* 
When  boiled  with  a  base,  it  yields  alcohol,  and  mucate  of  the 
base.    Its  formula  is  Ci  9  Hs  Oi  4+2  AeO. 

Jfodifled  fmteie  acid  is  more  soluble  in  water,  soluble  in 
alcohol,  from  which  solution  it  is  deposited  in  square  tables. 
Its  aqueous  solution,  saturated  at  the  boiling  point,  deposits  on 
cooling  ordinary  mucic  acid.  Its  salts  are  more  soluble  than 
the  mucates,  but  ihe  acid  in  them  easily  passes  into  the  ordi- 
nary acid.  It  is  probable  that  the  modified  acid  contains  1  eq. 
of  water  more  than  the  other.    ' 

Pyromucie  acid,  Ci  o  H3  Os  +  H  O,  is  formed  by  the  dry 
distillation  of  mucic  acid.  1  eq.  of  mucic  acid,  Ct  t  H 1 0  0 1 «, 
contains  the  elements  of  1  eq.  pyromucic  acid,  Cio  H4  Oe,  6 
eq.  water,  H«  Oe  ;  and  2eq.  carbonicacid,  C«  O4.    Pyromucic 
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acid  forms  brilliant  white  scales,  fusible  at  266*,  andvolatiliaetf 
completely  at  a  temperature  somewhat  higher.  It  is  soluble 
in  water  and  alcohol.  Its  salts  are  not  important.  P^fromtfcali 
of  oxide  of  etlwle,  Cio  Ha  Os,  Ae  0,  is  a  solid  ciytallisable 
compound,  fusible  at  93%  volatile  at  410*.  Chlorine  acts  on 
this  ether,  forming  a  new  compound,  Ci4  H«  Cl«  Oe,  the 
constitution  of  which  is  quite  uncertain. 

4.  Sugar  <f  mushrooms, — Wi^^ers  obtained  from  ergot  of 
lye  a  saccharine  compound,  cirstajTiaing  in  transparent  rhombic 
prisms,  soluble  in  water  and  alcohol,  and  susceptible  of  tiie 
yinous  fermentation.  An  analysis  of  this  sugar  gave  the  for- 
mula Ci >  Hi  s  Ot >,  that  is,  grape  sugar,  mtfittf  I  eq.  water. 
This  may  be  a  distinct  kind  of  sugar ;  out  the  mushroom  sugar 
of  Braconnot  is  manntie  or  manna  suflar. 

We  have  seen  that  starch  and  woody  fibre  may  be  converted 
into  grape  su^  by  boiling  with  dilute  sulphuric  acid  ;  in  like 
manner,  salicme  and  phloridzine,  boiled  with  the  same  add, 
yield  saJiretine  and  phloretine,  in  each  case  along,  with  grape 
sugar.  But  the  action  of  the  infusion  of  malt  is  still  more 
smffular ;  we  have  seen  that  starch  by  contact  with  infusion  of 
msit  is  rapidly  converted  into  grape  sugar.  This  action  is 
ascribed  to  the  presence  of  diastase,  a  nitrogenised  body  which 
exists  in  malt,  and  which,  while  it  causes  the  conversion  of 
starch  into  sugar,  itself  disappears.  The  action  is  not  fully 
understood,  but  there  is  no  aoubt  that  when  seeds  germinate, 
the  starch  they  contain  is  in  this  manner  rendered  soluble,  and 
conveyed,  as  sugar,  to  all  pails  of  the  plant,  there  to  be  con* 
verted  into  woody  fibre  by  a  process  the  inverse  of  that  by 
which  wood)r  fibre  is  converted  into  sugar.  This  latter  is  seen 
in  the  ripening  of  fleshy  fruits,  where  a  quantity  of  cdlnlar 
matter  (lignine)  disappears,  and  the  proportion  of  sugar  very 
much  increases. 

TINOUS  OB  ALOOHOUC  FERIIEMTJLTION, 

This  name  is  given  to  that  change  by  which  suear  is  resolved 
into  alcohol  and  carbonic  acid,  by  contact  with  a  ferment.  The 
sugar  must  be  dissolved  in  water,  and  the  solution  must  be 
exposed  to  a  temperature  of  from  40*  to  66*.  If  a  ferment, 
such  as  yeast,  be  added,  the  sugar  soon  disappears,  caiix>nic 
add  is  given  off  in  laige  quantity,  and  the  liquid  is  found  to 
contain  alcohol,  which  may  be  Separated  by  distillation.  Now, 
grape  sugar,  Cit  Hi4  Ow^  contains  the  elements  of  8  eq. 
alcohol,  4  eq.  carbonic  acid,  and  2  eq.  water,  2  (Ci  He  Ot)  + 
4  C  0«  +  2  H  0  ;  and,  by  veiy  exact  experiments  it  has  been 
proved  that  100  parts  of  grape  sugar  yield  only  47' 12  of 
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alcohol,  44*84  of  carbonic  acid,  together  91*96  parts,  the  loss, 
9*04  parts  being  the  2  eq.  of  water  separated.  On  the  other 
hand,  cane  si^jar,  Ci  t  Hi  i  On,  requires  the  addition  of  1  eq. 
of  water  to  yield  2  eq.  alcohol,  and  4  eq.  carbonic  acid,  =  2 
(C4  H«  Ot)  -f-  4  C  Of ;  and  here  also  experiment  has  demon- 
strated that  100  parts  of  cane  sn^  yield  53727  parts  of 
alcohol  and  51*298  of  carbonic  acid,  together  105*026 ;  the 
increase,  or  5*025  parts  being  dne  to  the  1  e<}.  of  water  taken 
up  to  form  diy  grape  sugar,  C19  Hts  Oi«,  into  which  cane 
sugar  is  converted  before  it  undeiigoes  fermentation.  These  &cts 
prove  that  the  ferment  takes  no  direct  part  in  the  reaction, 
but  only  acts  by  inducing  a  state  of  change. 

A  considerable  number  of  substances,  if  in  a  state  of  decom- 
position, act  as  ferments  on  a  solution  of  sugar  ;  among  these 
are,  besides  yeast,  vegetable  gluten,  albumen,  caseine  or  fibrine, 
and  the  corresponding  animal  substances ;  also  animal  matter 
generally,  if  in  a  state  of  putrefaction. 

The  only  explanation  we  can  rive  is  that  the  particles  of 
these  bodies,  being  in  a  state  of  decomposition,  are  in  motion, 
and  by  communicating,  mechanically,  an  impulse  or  motion  to 
the  particles  of  the  sugar,  destroy  the  balance  of  affinities  to 
which  the  existence  of  sugar  is  owing ;  and  thus  give  rise  to  a 
new  balance  or  equilibrium,  more  stable  under  the  given  cir- 
cumstances. The  elementary  particles  of  the  sugar  being 
disturbed  in  their  previous  arrangement,  group  themselves 
according  to  their  individual  affinities,  and  while  the  carbon 
forms,  on  one  side,  a  compound  containing  all  the  hydrogen 
(alcohol),  it  yields  on  the  other,  a  compound  containing  the 
greater  part  of  the  oxygen  (carbonic  acid). 

When  a  natural  juice,  as  that  of  the  grape,  ferments,  some 
of  the  various  substances  it  contains  undergo  a  decomposition, 
probably  of  an  analogous  kind,  giving  rise  to  other  new  products, 
which  are  important  in  regard  to  the  flavour  of  the  liquid  (wine, 
beer,  or  spirits),  produced  in  the  fermentation.  Thus  all  wine 
contains  OBuanthic  ether ;  potato  spirit  contains  the  oil  of  potato 
spirit  {FuseloeL  German) :  grain  spirit  contains  a  similar  oil. 
It  is  not  improbable,  that  besides  the  vinous  fermentation 
which  takes  place  in  the  greater  part  of  the  sugar,  a  peculiar 
reaction  occurs,  between  a  portion  of  the  sugar  and  the  ferment 
(or  some  other  nitrogenised  compound  present),  the  result  of 
which  is  the  production  of  these  peculiar  oily  liquids.  The 
bouqtta,  or  so  much  prized  flavour  of  the  finer  wines,  is  doubt- 
less owing  to  some  ethereal  compound  produced  in  a  similar 
way,  but  the  origin,  properties,  and  composition  of  which 
are  as  yet  altogether  unknown.    It  may  be  mentioned  here, 
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however,  that  odnanthic  ether,  whidi  is  the  cause  of  th«t  peculiar 
smell  whi<^  belongs  to  all  wine^  and  is  so  marked  that  vre  ess 
at  once  tell,  after  many  weeks  or  months,  that  sn  empty  bottle 
has  fonnerly  contained  wine,  is  a  compound  of  oxide  of  ethjfie 
with  a  fatty  acid ;  and  the  oil  of  potato  spirit  is  a  compoand 
uialo|H>as  to  alcohol ;  the  hydrated  oxide  of  a  radical  amg^ 
Ci  0  Hi  i« 

LACTIO   FERMENTATION. 

When  a  solution  of  sugar  is  placed  in  contact  with  pressed 
curd,  or  nnsalted  skimmed-milk  cheese,  which  has  pievioualy 
been  exposed  to  the  atmosphere  for  some  time,   and  the 
mixtore  is  kept  at  a  tempeiatnre  from  about  75^  to  90*,  a 
peculiar  change  takes  place,  which  has  been  called  a  fenneots- 
tion,  but  which  differs  from  the  vinous  fermentation  in  this, 
that  the  escape  of  gas  does  not  appear  to  be  essential  to  it. 
The  liquid  soon  becomes  add,  from  the  conversion  of  sagmr 
into  lactic  acid ;  but  when  the  amount  of  free  add  lesches  a 
certain  point,  the  fermentation  is  thereby  checked.    If  now 
the  free  acid  be  neutralised  by  the  addition  of  caibonale  of 
soda,  or  carbonate  of  lime  (chalk),  lactate  of  soda  or  of  lime  is 
formed,  carbonic  acid  is  disen^iged,  and  the  feimeatatiMi 
recommences.    By  repeating  the  addition  of  soda  or  chalk  as 
often  as  free  acid  appears,  the  whole  of  the  sugar  holy  be  at 
last  converted  into  lactic  acid,  and  obtained  in  the  rann  of 
lactate  of  soda  or  of  Hme. 

The  best  method  is  to  dissolve  1  part  of  cane  sugar  or  BOgar 
of  milk  in  about  6  of  water,  to  add  at  the  commencnnent 
4-  part  of  prepared  chalk,  and  a  proper  quantity  of  curd  or 
cheese,  and  to  place  the  whole  in  a  temperature  of  77*  to  90*. 
Effervescence  occurs,  owing  to  the  decomposition  of  the 
chalk,  and  in  process  of  time  the  lactate  of  bme  is  deposted 
in  small  round  masses  of  minute  crystals,  in  such  quantity  as 
to  solidify  the  whole  mixture.  Tms  result  sometimes  takes 
place  in  ten  days,  at  other  times,  according  to  the  predae 
temperature  or  the  state  of  the  curd,  not  till  after  several 
weexs  or  even  months.  But  when  it  is  complete,  whidi  is 
known  b^  the  cessation  of  the  disengagement  of  cas  and  the 
solidification  of  the  mass,  the  sugar  appears  to  be  entirely 
converted  into  lactic  add,  without  the  formation  of  any  other 
product  This  is  the  true  lactic  fermentation ;  but,  as  we 
shall  see^  it  is  apt  to  be  mixed  and  complicated  with  other 
forms  of  decomposition. 

The  conversion  of  sugar,  Ci»  Hn  On,  or  of  lactine, 
Cit  Hi*  Oit,  into  lactic  add^  Ga  Hs  Hs  HO,  or  Ci>  Hi. 
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O I  o  2  HO,  is  very  simple ;  for  lactine  already  contains  the 

elements  in  the  necessary  proportion,  and  cane'sngar  requires 

only  the  addition  of  1  eq.  of  water.    It  is  therefore  prooahle, 

d  priorij  that  no  other  product  should  he  formed  along  with 

the  lactic  acid;  and  in  several  of  my  own  experiment^ 

I  have  ohtained  so  large  a  quantity  of  lactate  of  lime  as  to 

lead  to  that  conclusion,  while  I  could  detect  no  other  product, 

except  some  colouring  matter  and  a  little  undecomposed  sugar. 

It  is  this  fermentation  which  occurs  in  milk  when  exposed 

to   the  air.    The  caseine  enters  into  the  state  in  which  it 

becomes  canable  of  exciting  the  lactic  fermentation  in  the 

sn^  of  milk  (lactine) ;  but  as  soon  as  the  liquid  becomes  very 

acid,  the  fermentation  is  checked,  unless  an  alkali  be  added. 

Hence  sour  milk  contains  both  lactic  acid  and  undecomposed 

lactine ;  but  by  the  occasional  addition  of  alkali  the  whole 

lactine  may  be  converted  into  lactic  add,  or  rather,  lactate 

of  soda. 

VISCOUS   FEBMENTATION. 

When  certain  saccharine  juices,  such  as  those  of  beet-root, 
carrots,  onions,  &c.,  are  exposed  to  a  temperature  of  from  86*^ 
to  104  ,  a  peculiar  fermentation  takes  place.  The  sugar  dis- 
appws,  but  instead  of  alcohol  and  carbonic  acid,  there  are 
obtained  mannitey  lactic  acid^  and  a  mucilaginous  substance, 
having  the  comiR>Bition  of  gum  $  this  latter  renders  the  liquid 
Topy  and  viscid,  hence  the  name  given  to  the  process. 

The  compoiition  of  nuumit^  is    .        •    .    Ca     H7     Os 
That  of  lactic  acid  i8      •        .        .        .    Ca     Ha     O5 


Together Oia  Hia  On 

It  is  evident,  therefore,  that  1  eq.  of  dry  grape  sugar,  Ct  9 
Hi  »  Oi  t,  losing  1  eq.  oxygen,  might  give  rise  to  mannite  and 
lactic  acid.  The  sum  has  the  same  composition  as  sugar,  so 
that  we  are  led  to  believe  that  the  nitrogenised  constituents  of 
the  juice  are  acted  on  by  the  sugar,  from  which  they  obtain 
oxygen ;  and  that  these  compounds  are  themselves  decomposed 
by  uie  oxypen,  mannite,  and  lactic  acid,  which  are  very  per- 
manent, bemg  produced  frt>m  the  sugar. 

There  is  every  reason  to  believe  that  the  viscous  fermenta- 
tion is  a  mixed  process,  consisting  of  the  lactic  fermentation 
and  of  another,  the  true  viscous  fermentation,  the  products  of 
which  are  gum  and  mannite.  In  the  preparation  of  lactic  acid 
from  sugar,  with  the  aid  of  curd  as  above  described,  I  have 
iQDietimes  obtained  a  little  mannite,  but  always  in  so  small  a 
ff2 
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proportion  as  to  indicate  that  its  production  was  not  essen- 
tially connected  with  that  of  the  lactic  acid,  while  in  other 
experiments  no  mannite  appeared.  Where  mannite  did  occur, 
I  am  inclined  to  snppose  that  the  lactic  fermentation  was 
more  or  less  complicated  with  the  viscons. 

BUTTRIO  FERMENTATION. 

After  the  sugar,  in  the  lactic  fermentation,  has  been  con- 
verted as  above  described,  into  lactate  of  lime,  if  the  mixture, 
still  containing  the  caseine  or  curd,  be  kept  for  some  time  in  a 
temperature  of  from  90°  to  105°,  the  nearly  solid  mass  of 
lactate  dissolves  by  degrees,  while  a  mixture  of  hydrogen  and 
carbonic  acid  gases  is  given  off,  and  at  last  the  whole  mass, 
except  the  cheese  and  any  excess  of  chalk,  becomes  liquid. 
When  the  disengagement  of  gas  has  ceased,  the  liquid  is 
found  to  contain  no  lactate,  but  only  butyrate  of  lime ;  and 
this  salt  may  be  thus  easily  obtained  in  any  quantity.  The 
conversion  of  lactic  into  butyric  acid  is  easily  explained ;  for 
2CcHc0c  =  C«H«04  +  H4  +  4C0>;  and  it  is  probable 

Lactic  Acid.       Butyric  Add. 

that  no  other  product  is  formed ;  for  in  some  experiments  I 
have  seen  the  lactate  converted  entirely  into  pure  butyrate  of 
lime,  which  crystallised  to  the  last  drop. 

It  is  evident  that  under  certain  circumstances,  the  three 
kinds  of  fermentation  just  described  may  occur  simultaneously, 
so  that  the  liquid  may  contain  lactic  acid,  butyric  add, 
mannite,  gum,  and  unchanged  susar. 

Mannite,  Ce  Hr  Os  occurs  as  the  chief  ingredient  of  manna. 
It  is  also  found  in  certain  juices,  in  mushrooms,  in  roots,  such 
as  that  of  celery,  and  is  formed  artificially  as  above  described. 
It  is  easily  punfied  by  solution  in  alcohol  and  crystallisation. 
It  forms,  when  crystallised  in  water,  large  prisms,  of  a  weiJc 
sweet  taste.  It  is  not  susceptible  of  the  vinous  fermentation. 
Nitric  acid  and  permaganate  of  potash  act  on  it  as  on  sugar. 
Concentrated  arsenic  acid  gives  it  a  brick  red  colour. 

Lactic  Add,  C<i  Hs  Os  +  H  0,  so  called  because  it  occurs 
•  in  sour  milk,  is  also  formed  abundantly,  as  above  described, 
in  a  peculiar  fermentation  of  certain  saccharine  juices  at  a  hi^ 
temperature.  In  milk  it  is  derived  from  the  sugar  of  milk ; 
and  by  neutralising  sour  milk  with  carbonate  of  soda,  adding 
sugar  of  milk,  allowing;  it  again  to  become  acid,  again 
neutralising,  and  so  on  m  succession,  as  long  as  the  caseine 
causes  the  peculiar  change  to  take  place,  it  may  be  obtained  in 
laiige  quantity.    A  still  easier  process  is  to  dissolve  14  parts  of 
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okne  sugar  in  00  of  water,  and  to  add  4  of  moist  cheese  and. 
7  of  prepared  chalk.  The  mixture  being  kept  some  time  at 
£rom  77  to  86^  F.  will  at  last  become  quite  thick  with 
ciystals  of  lactate  of  lime.  If  the  action  of  the  caseous 
ferment  be  pushed  further,  and  at  a  higher  temperature,  the 
lactate  of  lime  is  not  obtained,  but  in  its  place,  In^yraie  of 
lime  in  laige  quantity.  See  Butyric  Fermentation.  The  above 
quantities  will  yield  about  13  parts  of  lactate  after  it  has  been 
purified  by  ciystallisation ;  besides  from  11  to  2  parts  of 
mannite.  The  acid  of  sour  crout  is  lactic  acid,  and  by  boiling 
the  juice  of  sour  crout  with  chalk  or  carbonate  of  zinc,  lactate 
of  zinc  or  of  lime  may  be  obtained. 

Idebig  has  lately  shown  that  lactic  acid  exists  abundantly  in 
the  juice  of  flesh ;  and  as  abundantly  in  the  flesh  of  carnivo- 
rous as  in  that  of  herbivorous  aninuds.  This  is  remarkable, 
as  the  food  of  carnivorous  animals  contains  no  saccharine  or 
amylaceous  matter,  so  that  the  lactic  acid  must  be  formed  from 
albuminous  compounds.  The  same  remark  applies  to  the 
occurrence  of  lactine  in  the  milk  of  camivora. 

It  has  been  stated  by  Cap  and  Henry,  that  lactic  acid  exists 
in  normal  urine,  as  lactate  of  urea ;  but  I  have  never  been 
able  by  their  process  to  obtain  from  urine  a  trace  of  lactic  acid, 
nor  anything  but  pure  urea.  Pelouze  and  others  were  equally 
unsuccesBful ;  and  liebig  has  proved  by  experiments  on  a  very 
large  scale,  that  urine  contains  no  lactic  acid  in  the  normal 
state ;  and  further,  that  lactic  acid,  taken  internally,  cannot  be 
recognised  in  the  urine. 

From  the  lactate  of  lime,  lactic  acid  may  be  obtained  by  the 
action  of  oxalic  acid,  which  removes  the  Ume  as  oxalate.  The 
filtered  solution  is  lactic  acid,  which  is  concentrated  by  evapora- 
tion, and  purified  by  solution  in  ether.  From  the  lactate  of 
soda,  lactate  of  zinc  may  be  obtained  by  adding  chloride  of 
anc  to  the  hot  saturated  solution  ;  on  cooling,  lactate  of  ziac, 
beinff  sparingly  soluble  in  cold  water,  crystallises.  This  salt, 
acted  on  by  buytic  water,  yields  lactate  of  barvta,  from  which 
sulphuric  add  removes  the  bar3rta,  and  the  filtered  liquid  is 
pure  diluted  lactic  acid. 

In  its  most  concentrated  form,  hydrated  lactic  add  is  a 
mnpy  liquid,  of  a  very  strong  but  pleasant  acid  taste.  Its 
Sp.  O.  is  1*216.  Its  formula  Ca  Hs  0<  +  HO  =  Cs  H<i  0<i ; 
but  aoeordinff  to  Engelhardt  and  Maddrell  it  is  bibasic,  Ci » 
Hio  Oto,  2H0  =  Ci«  Hit  Oit.  It  is  therefore  polymeric 
with  dry  grape  sugar  and  with  gum;  both  of  which  are 
Ctt  Hit  Oit.  At482^  the  hydrate  is  decomposed,  and  yields 
a  solid  crystalline  sublimate,  Ca  H*  0«,  whicn  has  been  called 
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anhjdroiu  lactic  acid,  or  sablimed  lactic  acid.  This  compound 
diBsolyes  readily  in  hot  water,  and  the  solation  if  evaporated 
yields  the  origmal  hydrate  Cs  Hs  Os  =  Cs  H4  O4  +  2  HO. 
Bat  when  the  acid  is  neutralised  by  bases,  only  one  of  the  2  eq. 
of  water  taken  up  by  the  sablimed  acid  is  replaced  hj  a  base ; 
and  conseauently  we  cannot  look  on  the  sablimed  acid  as  the 
true  anhydrous  acid.  The  anhydrous  acid,  as  it  exists  in  the 
lactates,  is  Cs  Hs  Os  ;  and  the  sablimed  acid  is  not  lactic 
acid,  bat  is  conyerted  into  lactic  acid  when  boiled  with  water. 

The  general  formula  for  the  lactates  isCs  Hs  05,M0;  or 
Ci«  Hio  Oio  2H0.  The  lactates  of  the  alkalies  are  yeiy 
soluble  and  deliquescent :  that  of  lime  is  less  soluble  in  cold 
water  and  crystallises  readily.  The  lactate  of  zinc  is  sparingly 
soluble  in  cold  water,  and  is  hence  well  adapted  for  the  extraction 
and  purification  of  Uie  acid. 

XIX.  MsTHTLX.  Oa  Hs  =  Mt. 
This  is  the  hypothetical  radical  of  a  numerous  series  of  com- 
pounds, entirely  analogous  to  those  of  ethyle.  There  is  the 
oxide  0/  metfyUf  MtO,  analogous  to  oxide  of  ethyle ;  and  the 
hych^ated  aafiae  of  mtihyle,  MtO,  HO,  analogous  to  alcohol. 
This  last  is  the  compound  from  which  all  the  others  are 
obtained.  The  extraordinary  analogy  between  ethyle  and 
methyle  will  enable  us  to  describe  the  compounds  of  the  latter 
yery  briefly. 

1 .  Hydnted  Oxide  of  Methyle.     Mt  0,  H  O. 

Stn.  PyroxUio  Sjpirit,  This  compound  is  one  of  the  chief 
products  of  the  destructiye  distillation  of  wood,  and  is  found  in 
the  watery  portion  along  with  acetic  add,  acetone,  acetate  of 
oxide  of  methyle,  and  seyeral  other  ethereal  liquids,  besides 
portions  of  the  oily  matter  of  the  tar  dissolved  in  them. 

By  rectification  with  chloride  of  calcium,  the  pyroxilic  spirit, 
which  combines  with  that  salt,  is  separated  from  seyeral  other 
liquids  which  distil  over  in  the  heat  of  the  vapour  bath.  The 
residue,  if  mixed  with  its  own  bulk  of  water,  and  a^n  heated 
in  the  vapour  bath,  now  gives  off  the  pyroxilic  spint,  whidi  is 
stiU  mixed  with  water.  It  is  purifi^  by  rectification  with 
quicklime,  which  also  destroys  any  acetate  of  methyle  that 
may  be  present 

Pure  hydrated  oxide  of  methyle  is  a  liquid  very  similar  to 
alcohol,  having  the  same  density,  and  the  same  deme  of  in- 
fl^immability.  Its  odour  is  peculiar  and  ethereal.  It  boils  at 
about  140°  or  160°. 

When  heated  with  peroxide  of  manganesei  water,  and  sal- 
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plmric  acid,  it  yields  variooa  products,  among  which  the  chief 
are,  formic  add  aadformomethylal.  It  is  decomposed  by  nitric 
add,  jrieldin^  oxalic  acid,  and  by  chlorine,  yielding  new  pro- 
ducts. It  dissolves  resins,  and  is  nsed  in  making  varmshes. 
It  forms  with  baryta  a  ciystalline  compound  BaO  +  MtO, 
HO ;  and,  with  chloride  of  calcium,  another  crystalline  body 
in  large  hexaj[onal  tables,  CaCl  +  2  (MtO,  HO). 

By  the  action  of  platinum  powder,  pyronlic  spirit  is  oxidised 
into  formic  acid,  which  bears  the  same  relation  to  it  that  acetic 
acid  does  to  alcohol. 

2.  Oxide  of  Methjle.     Mt  O  =  (Cs  Hs)  0. 

This  compound  is  obtained,  like  ether  (oxide  of  ethyle)  when 
the  preceding  compound  is  distilled  with  its  own  volume  of  oil 
of  vitriol ;  it  escapes  as  an  inflammable  gas.  Like  oxide  of 
ethyle,  it  is  a  base  and  neutralises  acids.  It  even  forms  a 
neutral  sulphate,  which  oxide  of  ethyle  cannot  do.  It  is  worthy 
of  notice,  that  oxide  of  methyle  is  polymeric  with  alcohol ;  for 
C«  Hd  Oa  =  2  (Cs  Ha  0) :  so  that  these  two  bodies  have  the 
same  composition,  in  100  parts;  that  is,  the  same  relative 
proportions  of  the  same  elements,  but  a  very  different  absolute 
amount :  the  equivalent  of  alconol  being  twice  as  heavy  as 
that  of  oxide  of  methyle.  The  constitution  of  these  compounds, 
moreover,  is  different,  for  one  is  a  hydrate,  €«  H«  0  H~  HO ; 
while  the  ether  is  an  anhydrous  oxide,  Ca  Hs  0. 

8.  Chloride  of  mdh^Uy  C>  H3,Cl  =  MtCl,  is  a  ffas,  of  an 
ethereal  smell,  mfiammable,  of  Sp.  G.  1*1737.  It  is  formed  by 
the  action  of  sulphuric  acid  and  chloride  of  sodium  on  pyroxilic 
spirit.  By  the  action  of  chlorine,  aided  by  the  sun's  rays,  it 
yields  several  new  compounds  containing  chlorine. 

4.  Iodide  of  methyle,  Ct  Hs,  I  =  Mtl^  is  obtained  by  distU- 
ling  12  parts  of  pyronlic  spirit,  8  of  iodine,  Ymd  1  of  phosphorus. 
It  18  a  liquid  boilinff  between  102''  and  122°.  The  fluoride 
and  tyanide  of  meyuile  are  analogous  liquids. 

6.  Sulphured  ofmetfyle,  C>  Hs,  S  =  MtS,  is  best  formed  by 
the  action  of  a  current  of  chloride  of  methyle  on  sulphuret  of 
potassium  dissolved  in  alcohol.  MtCl  +  KS  =  MtS  +  KCl. 
It  is  a  mobile  liquid,  of  a  very  offensive  alliaceous  odour,  boil- 
ing at  104^  Its  Sp.  G.  in  the  liquid  form  is  0*845 ;  in  the 
form  of  vapour,  it  is  2*115.  With  chlorine,  it  gives  rise  to 
several  new  compoimds.  The  hydrostdphuret  of  sulphuret  of 
mettle  (corresponding  to  mercaptan)  I  obtained  by  distilling 
the  double  sulphate  of  methyle  and  potash  with  the  hydrosul- 
phuret  of  sulphuret  of  potassium.  (KO,  MtO,  2SOs)  +  HS, 
kS  =  2  (KO,  SOs)  +  HS,  MtS.      Its  formula  ia  H  S,  MtS 
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=  C«H3,S  +  H8.  It  is  a  colourless  liquid,  lighter  than 
water,  which  boils  at  70°,  and  acts  on  the  oxides  of  mercury 
and  lead  exactly  as  mercaptan  does.  It  odour  is  most  offen- 
sive, resembling  that  of  leeks  highly  concentrated. 

SALTS   OF  OXIDB  OF  METHTLE. 

1.  NetUralSulphaie.  MtO,  80 a,  is  obtained  when  pyroxilic 
spirit  is  distilled  with  a  large  excess  of  sulphuric  acid,  it  forms 
an  oily  liquid,  of  a  slightly  alliaceous  smell.  It  boils  at  370^. 
Boiling  water  decomposes  it  into  acid  sulphate  and  hydrate  of 
oxide  of  methyle.  When  heated  with  chlorides,  cyanides,  &c., 
it  yields  the  compound  of  methyle  with  chlorine,  cyanogen,  &c. ; 
with  a  salt  of  benzoic,  succinic,  or  other  organic  acid,  it  ^elds 
benzoate,  &c.  of  oxide  of  methyle.  Ammonia  converts  it  into 
aulphamkhylane, 

fi.  BitMhaU  of  Oxide  of  MeUwle.  Stn.  SulphometfyUe 
Acid,  H  0,  Mt  0,  2  SOs,  is  perfectly  analogous  to  snlphovinic 
acid,  and  forms  double  salts,  such  as  that  of  potash,  KO,  MtO, 
2  S  Os,  which  are  often  called  sulphomethylates,  and  coirespond 
exactly  to  the  sulphovinates.  Tne  acid  sulphate  itself  may  be 
obtained  in  crystals,  which  are  venr  soluble  and  very  acid.  It 
is  best  obtained  by  the  action  of  hot  water  on  tne  neutnd 
sulphates.  The  double  salts,  or  sulphomethylates,  are  of  no 
pamcular  importance.    They  crystallise  readily. 

3.  Nitrate  of  Oxide  of  MethyU,  MtO,  NOs,  is  obtained 
when  pyroxilic  spirit  is  distilled  with  nitrate  of  potash  and 
sulphuric  acid.  It  is  an  oily  liquid,  the  vapour  of  which  if 
heated  beyond  fiiS"*  explodes  violently. 

The  neutral  carbonate  of  methyle  is  not  known;  but  double 
carbonates,  analogous  to  those  of  ethyle  with  alkalies,  may  be 
prepared  in  the  sam^  way  as  those  compounds. 

4.  Oxalate  of  Oxide  of  Methyle,  MtO,  Ct  0>  ==04  H«  0«, 
is  obtained  in  a  manner  analogous  to  that  in  which  oxalic  ether 
is  prepared.  It  forms  a  cnrstalline  solid,  soluble  in  alcohol 
and  pyroxilic  spirit,  which  deposit  it  in  huqge  crystals.  By  the 
action  of  dry  ammonia,  it  is  converted  into  oxamethykme  (ana- 
logous to  oxamethane),  which  is  the  oxamate  of  oxide  ofmetfyUf 
Ce  H*  NOs^C*  H»,  0-f  C4  Ht  NOs.  Liquid  ammonia 
converts  it  into  oxamide,  as  is  the  case  with  oxalic  ether,  only 
here  pyroxilic  spirit  and  not  alcohol  is  formed  at  the  same  time. 
C,  H.,  0,  C.  0.4-NH,=C.  H.  0,  HO-hC  O.  NH.. 
This  is  perhaps  the  easiest  way  of  obtaining  oxamide  in  large 
quantity. 

Bisnlphniet  of  carbon  and  hydrated  cyanic  acid  act  on 
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pyronlic  spirit  exactlj  as  on  alcohol,  producing  onalogoot 
compounds. 

5.  Bmzoate  of  OMe  cf  MtOiyU,  MtO,  BzO,  is  best  ob- 
tained by  distilling  dry  benzoate  of  lime  or  soda  with  neutral 
sulphate  of  methule.  It  is  an  oily  liquid  of  a  balsamic  odour, 
analogous  in  other  respects  to  benzoic  ether. 

6.  Acetate  of  Oxide  o/Methyle,  MtO,  AcOa,  is  obtained  in 
the  same  way  as  acetic  ether,  which  it  resembles.  It  occurs  in 
considerable  Quantity  in  raw  pyroxUic  spirit,  and  even  in  that 
which  has  only  been  purified  by  rectification.  When  quick- 
lime is  used  in  the  rectification,  it  is  destroyed,  yielding  an 
additional  quantity  of  the  pure  hydrate  of  oxide  of  methule.  It 
is  veiy  volatile  and  inflammable,  and  for  most  purposes  its  pre- 
sence in  the  wood  spirit  is  not  at  aU  injurious,  ft  is  isomeric 
with  formiate  of  oxide  of  ethyle :  for  Ct  H>  0  +  Ct  Ha  Os  s= 
C4  Hs  0  +  C.  HO,. 

7.  SaH^late  of  (knde  o/Methyle  exists  ready  formed,  as  the 
volatile  oil  of  wHtltheria  procumbens,  or  Winterpreen.  It  is 
very  fragrant,  and  plays  the  part  of  an  add,  combining  with 
alkalies.  When  heated  with  them,  however,  salicylates  are 
formed,  and  pyroxilic  spirit  set  free.  It  is  a  very  interesting 
compound,  as  it  contams  two  substances  previously  only 
known  as  artificial  products  ;  namely,  salicylic  acid  and  oxide 
of  methule.  It  is  acted  on  by  nitric  add  and  other  re-agenta 
exactly  m  the  same  way  as  the  salicylate  of  oxide  of  ethyle, 
which  see. 

The  mucate  of  oxide  of  methyle  is  a  crystalline  solid,  ana- 
loeous  in  its  preparation  and  properties  to  the  corresponding 
salt  of  ethyle. 

The  action  of  chlorocarbonic  add  on  pyroxilic  spirit  is 
exactly  analogous  to  its  action  on  alcohol,  producing  an  oily 

liquid,  C*  H»  CI  04  =  C»  j  q{  -hC,  H.  0.    By  the  action  of 

ammonia,  this  liquid  produces  a  compound,  urethylane,  (cor- 
responding to  urethane)  C4  Hs  NO4  or  Ca  Hio  N*  Oa  = 
Ct  H4  Kf  Of  +2(Ct  Hj  0,  COO;  that  is,  a  compound, 
possibly,  of  1  ea.  urea,  with  2  eq.  neutnd  carbonate  of  methyle, 
out  more  probably  of  carbamic  add,  CO 9^  CONHt,  and  oxide 
of  methyle,  C«  H>  O. 

When  a  current  of  ammonia  is  made  to  act  on  the  neutral 
sulphate  of  methyle,  there  is  produced  a  crystalline  compound, 
C«  Hs  N8«  Os,  wluch  has  been  iMed  eulphametfylane,  and 
may  be  viewed  as  oxamethylane,  in  which  sulphamide,  S0«, 
NHt,  has  been  substituted  for  oxamide,  C»  0»  NHs;  or 
80»  for  Ct  Of,    It  may  also  be  considered,  if  oxamethylane 
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be  the  oxunate  of  oxide  of  methyle,  C«  Hi  O  +  C4  Ht  NOc, 
as  composed  of  oxide  of  methyle  and  a  peculiar  acid,  foimed  of 
h}n[>osoli>hiiric  acid  and  amide,  or  rather  of  snlpharic  acid  and 
sulphamide,  and  which  may  be  called  nUphamie  add;  and 
ite  fonniila  will  be  Ct  Hi  O  +  (S*  Oi>  NIi«),  or  C»  H>0  -f 
(SOa  -f  NH«,  SO9).  On  this  Tiew>  salphamethylane  is  the 
Bolphamate  of  oxide  of  methyle. 

When  hydrated  oxide  of  methyle  is  oxidised  by  means  of 
platinam  powder,  it  is  finally  converted  into  nure  foimic  acid. 
There  is  evidently,  therefore,  the  same  relation  between  methyle 
and  formic  acid,  as  between  ethyle  and  acetic  acid;  and  on 
comparing  the  formnla  of  pyroxihc  spirit  and  of  formic  add, 
C«  Hi  O,  ho,  and  C>  HOa,  H  0,  we  perceive  that  the  fonner, 
to  be  converted  into  the  latter,  mast  have  lost  2  eq.  of  hydrogen, 
and  taken  np  2  eq.  of  oxygen.  This  is  exactly  what  takes  place 
with  alcohol,  and  there  can  be  no  doubt,  that  the  pyroxilic 
spirit  yields  an  intermediate  compound,  exactly  analogous  to 
aldehyde,  although  this  has  not  yet  been  isolated.  Such  a  com- 
pound would  be  the  hydrated  protoxide  of  a  derived  radical, 
/wrmyle,  analogous  to  acetyle,  of  which  formic  add  is  the 
hydrated  peroxide ;  and  its  formula  would  be  (C*  H)  O  + 
H  O.  We  shall,  therefore,  assun^e  the  existence  of  this  radical, 
and  proceed  to  describe  its  compounds,  which  are  quite  ana- 
logons  to  those  of  acetyle. 

XX.  FOKMTLB.      Cfl  H  ^  Fo. 

This  radical  is  unknown  in  a  separate  f onn.  as  are  its  prot- 
oxide and  deutoxide,  corresponding  to  aldehyde  and  aldehydic 
acid.  But  when  hyarated  oxide  of  methyle  is  distilled  with  sul- 
phuric acid,  water,  and  peroxide  of  manganese,  a  volatile  liquid 
IS  obtained,  which  is  a  mixture  of  formiate  of  oxide  of  methyle, 
and  another  liquid  called  methjlal.  When  purified,  this  latter 
has  the  formula  Ce  Ha  Ot,  which  indicates,  that  it  is  composed 
of  C«  HO,  HO,  or  hydrated  oxide  of  formyle,  and  2  eq.  of 
oxide  of  methyle,  2  (CTt  Hj  0).  This  compound^  briefly,  FoO, 
HO  -f-  2  MtO,  corresponds  to  acetal  in  the  senes  of  ethyle ; 
acetal  being  AcO,  HO  -}-  AeO. 

Formic  Add.     Ca  H Os,  H O  =  Fo Os  H O. 

This  remarkable  acid  occurs  in  the  red  ant,  formica  rtrfa^  and 
may  be  obtained,  in  a  diluted  and  impure  state,  by  infusing  these 
insects  in  water.  Its  production  from  pyroxilic  spirit  has  been 
described  above.  It  may  also  be  prepared  by  distilling  a  mixture 
of  starch  or  sugar  with  peroxide  of  manganese,  water,  and  sid- 
phuric  add;  and  it  is  formed  under  a  great  variety  of  drcnm- 
Btances  from  many  oiganic  compounds. 
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To  prepare  the  hydzated  acid  pure  and  cenoentrated,  the  diy 
formiate  of  lead,  PdO,  FoOa,  is  decomposed  by  snlphnretied 
hydrogen  gas,  and  the  vapour  of  the  formic  aeid  condensed  in  a 
well-coolcn  receiyer.  It  is  boiled  for  a  few  moments  to  expel 
any  solphuretted  hydrogen.  It  is  a  clear  liqoid  of  Sp.  G.  1*235| 
^ming  sli^tl^^  and  has  a  very  ponffent  acid  smell.  Below  32^ 
it  ciystaUues  in  brilliant  scales.  It  boils  at  212^,  and  its  yaponr 
is  inflammable,  burning  with  a  blue  flame.  This  is  probably 
owing  to  the  formation  of  carbonic  oxide,  for  the  acid  Ca  H  Oj. 
H 0,  contains  the  elements  of  2  eq.  carbonic  oxide,  C«  0«,  and 
%  eo.  water,  H>  0*. 

With  1  eq.  of  water  it  forms  the  second  hydrate  FoOj  + 
2  H  0>  which  much  resembles  the  first  in  properties.  Its  boiling 
point  is  221'',  and  its  Sp.  Q.  is  1*110. 

Both  these  hydrates  are  higUy  corroeiye ;  a  drop  of  either  on 
anj  delicate  portion  of  the  skin  causes  a  seyere  bum,  which 
bhsters,  suppurates,  and  is  yery  painful  and  difficult  to  heal. 
In  this  respect,  the  formic  acid  can  only  be  compared  to  hydro- 
fluoric and  hyorated  cyanic  acids. 

A  weaker  acid  is  obtained  by  distilling  formiate  of  soda,  lime, 
or  lead,  with  sulphuric  acid,  preyiously  diluted  with  half  its 
weight  of  water.  Ten  p|arts  of  formiate  of  lime,  8  of  oil  of 
yitnol,  and  4  of  water,  yield  9  of  formic  acid,  of  Sp.  Q.  1*075. 

The  salts  of  the  acid  are  best  prepared  from  the  weak  and 
impure  add  obtained  by  distilling  a  mixture  of  10  parts  of 
starch,  37  of  peroxide  of  manganese,  30  of  oil  of  yitriol,  and  30 
of  water.  These  materials  yield  336  parts  of  formic  acid,  such 
that  100  parts  neutralise  15  of  dry  carbonate  of  soda.  From 
this  acid,  the  formiate  of  lead  may  be  easily  prepared  and 
purified ;  and  from  it,  by  the  addition  of  carbonate  of  soda, 
formiate  of  soda  may  be  obtained. 

Formic  acid  is  easily  recognised  by  the  action  of  sulphuric 
acid,  which  decomposes,  wiuiout  blackening,  both  it  and  its 
salts,  causing  the  olsengagement  of  pure  carbonic  oxide.  It 
also  reduces  the  oxides  of  all  the  noble  metals,  and  is  itself 
oxidised  into  carbonic  add.  Formic  acid  not  only  reduces  the 
oxides,  but  also,  in  most  cases,  the  soluble  salts,  of  the  noble 
metals.  1  eq.  formic  add  can  reduce  2  eq.  of  a  protoxide,  such 
as  that  of  silyer,  2  AgO  +  C«  H0«  =  Ag.  +  HO  +  2  CO* ; 
or  1  eq.  of  a  deutoxide,  such  as  that  of  mercuiy;  HgO«  +  C« 
H0.  =  Hg-fH0-|-2C0». 

Formic  add  is  a  yery  powerful,  add,  and  forms  salts  with 
bases,  all  of  which  are  soluble.  They  are  generally  similar  to 
the  acetates ;  but  yet  quite  distinct.  Many  metallic  formiates, 
when  heated  in  close  yessels,  giye  off  carbonic  add  and  carbonic 
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oxide,  leaving  the  metal  reduced :  others  give  off  caibonic  oxide, 
leaving  the  oxide. 

F(miiiaUofiMmmoma^  NH4  0,C«H03,  contains  the  elements 
of  hydrocyanic  acid  and  vniter,  C*  NH-h^HO;  and  is  con- 
verted into  these  compounds  when  its  vapour  is  passed  through 
a  red-hot  tube.  FomiOU  of  oxide  of  eUwh,  prepared  like  the 
acetate,  is  a  volatile  ethereal  liquid,  with  a  peculiar  aromatic 
smelL  The  corresponding  salt  of  oxide  of  methyle  is  quite  ana- 
logous. Formiaie  ofpoUuh  is  very  deliquescent.  FormiaU  of' 
Mia  is  also  very  soluble,  but  may  be  obtained  in  crystals.  It  is 
a  very  powerful  reducing  agent,  both  in  a  moist  and  dry  way. 
In  the  former,  it  reduces  the  noble  metals,  in  the  latter,  at  a  red 
heat,  by  virtue  of  the  carbonic  oxide  it  gives  off,  it  reduces  most 
of  the  reducible  metals,  such  as  lead,  copper,  antimonv,  arsenic, 
cobalt,  nickel,  &c .  FormioiU  of  lead  is  sparingly  soluble  in  cold 
water,  and  is  therefore  easily  purified,  and  serves  to  prepare 
formic  acid  and  formiate  of  soda.  Formiate  of  dmOoxiae  of 
mercury  and  formiate  of  protoxide  of  mercury  both  exist. 
When  red  oxide  of  mercuxy  is  dissolved  in  cold  formic  acid, 
the  former  salt  is  produced ;  but  the  slightest  heat  causes  an 
effervescence,  while  formiate  of  the  protoxide  is  deposited  in 
silvery  scales  like  the  acetate.  These,  when  warmed,  are 
decomposed  with  effervescence  and  deposition  of  metallie 
mercury.  Formiate  of  eUxer  resembles  the  acetate;  but  is 
very  easily  decomposed  by  heat,  the  metal  being  reduced. 

COMPOUNDS  OP  FORICTLB  WITH  CHLORINE,  ETC. 

When  chlorine  or  hypochlorites  act  on  oxide  of  methyle, 
hydrated  oxide  of  methyle,  and  chloride  of  methyle,  a  great 
variety  of  new  compounds  are  produced,  correBpon<ung  in  most 
cases  to  the  compounds  obtained  by  the  action  of  chlorine,  &c.« 
on  alcohol,  ether,  and  chloride  of  ethyle.  Our  space  forbids  us 
to  give  the  details  of  these  decompositions ;  but  we  may  men* 
tion  that  two  of  the  compounds  formed  by  the  action  of  chlorine 
on  the  compounds  of  ethyle  and  acetyle,  may  be  viewed  as 
protoehloride  and  bichloride  offomwle,  Tliese  are  C^  Ha  Cl» 
=  2  (C.  H,  CI);  and  C*  H,  CU  =  2  (C.  H,  Ch).  The 
perchloride  offormyle,  Fo  CI*  =  C«  H,  Ch,  is  also  produced 
from  a  compound  of  the  ethyle  series,  namely  from  chloiBl,  by 
the  action  of  alkalies.  It  is  an  oily  liquid  of  a  sweet  taste  and 
ethereal  smell.  When  acted  on  by  alkalies,  it  yields  chlorides 
and  formiates;  thus,  with  potash,  C«  HCls  +  4  K0  =  3KC1 
+  K0,  C.  HO.. 

When  acted  on  by  chlorine,  perchloride  of  formyle  yields  per- 
chloride of  carbon  C«  CUsCs  CI,  Ch,  just  as  perchloride  of 
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ftoefyle,  C4  Hj,  CIj  yields  sesqaichloride  of  carbon  €«  Cl«s 

C4  Cla,  Cla. 

PerbronUde  offcmwle  is  obtained  from  bromal.  Periodide 
cffom^le^  obtained  by  the  action  of  alcohol  on  iodine  and 
potash,  is  a  yellow  crystalline,  -volatile  solid,  having  an  odour 
analogous  to  that  of  saffiron. 

When  chlorine  acts  on  oxide  of  methyle,  C«  Hj  0,  it  pro- 
daces,  by  sabstitntion  of  chlorine  for  hydrogen,  the  componnds 

C.  I  ci'O  J  Ca  I  ^j^  0 ;  and  finally,  C.  Ch,  0.    The  second 

may  be  considered  as  formic  acid,  C»  H  O3,  in  which  two-thirds 

of  the  oxygen  are  replaced  by  chlorine,  C  HJq^.  It  will  then 

be  an  oaqt^hloride  of  formyk^  analogous  to  oxychloride  of 
acetyle. 

When  chlorine  acts  on  chloride  of  methvle,  C«  Hi  CI,  three 
eompounds  are  fonned  by  substitution.    These  are,  1st,  C«  Ht 

C1.  =  C.  I  ^j%  CI ;  2ad,perchhrideof/am^le,  C.  H  Ch  = 

!H 
Q,  ,  CI ;  and  3rd,  as  before  explained^  perchloride  of 

carbon,  C.  Cl«  =  C.  Ch,  CI. 

The  action  of  chlorine  on  sulphuret  of  methyle,  C>  Ha,  S, 

appears  to  yield,  C.   |  ^j'S;  C.  |  ^j^  S;  and  C.  a*  S. 

The  action  of  chlorine  on  oxalate,  benzoate»  and  acetate  of 
oxide  of  methyle  is  quite  analogous  to  its  action  on  the  cor- 
responding compounds  of  ethyle,  producing  the  oxalate,  benzoate, 

and  acetate  of  oxychloride  of  fonnyle  C*  0»  -j-  d  U  \  q,  ; 

C.«H»  03,-fC.  H  l^j^;  and  C*  H»  0,  -f  C.  H  j^j^. 

These  curious  results,  like  those  which  precede  them,  are  here 
merely  indicated,  as  we  haye  explained  the  principle  of  their 
formation  under  the  heads  of  ethyle  and  acetyle. 

In  some  specimens  of  raw  p3rroxilic  spirit  there  occurs  a 
larse  proportion  of  a  peculiar  volatile  liquid,  which  has  been 
called  liffnone  or  s^lite.  As  its  constitution  is  quite  uncertain, 
althouffh  it  is  believed  to  contain  some  compound  of  oxide  ox 
methyle,  we  shall  state  what  is  known  of  it  when  treating  of 
the  products  of  the  dry  distillation  of  wood. 

XXI.  Cetylx.    CtaHss  =  Ct. 
This  is  the  hypothetical  radical  of  a  series  of  compounds, 
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derived  from  speimaoeti.     The  principal  one  is  ethal,  the 
hydrated  oxide  of  cetyle,  analogous  to  alcohol. 

Hydnted  Oxide  of  Getyle.     G«a  Hs  t  O,  H  0  =  Ct  O,  H  O. 

Syn.  Ethal.  This  compound  exists  in  spermaceti,  in  com- 
bination with  cetylic  or  ethalic  acid  Cs  *  Ha  i  Os.  When  sper- 
maceti is  digested  with  strong  canstic  potash,  a  soap  is  pro- 
duced ;  and  this  being  decomposed  by  sulphuric  acid,  yields  a 
fatty  mixture  composed  of  cetylic  acid  and  ethal.  The  whole 
is  acted  on  by  baryta,  with  which  the  acids  unite;  and  the 
ethal  is  dissolved  from  the  mixture  by  cold  alcohol.  It  is 
afterwards  purified  by  means  of  ether. 

Ethal  forms  a  white  cr3rstalline  solid,  like  wax,  fusible  about 
118°,  volatile  at  a  higher  temperature,  soluble  in  alcohol.  As 
above  mentioned,  it  is  analogous  to  alcohol ;  and  although  the 
oxide  of  cetyle  has  not  yet  been  obtained  in  a  separate  fonn, 
yet  there  have  been  formed  the  chhride  of  ceh^k,  and  the 
do>uble  sulphate  of  oxide  of  cetyle  and  potath^  analogous  to  the 
corresponding  compounds  of  ethyle. 

When  ethal  is  repeatedly  distilled  with  anhydrous  phoe- 
phoric  acid,  it  loses  the  elements  of  2  eq.  of  water,  yielmng  a 
new  compound,  cetene=C3 1  Ha?,  analogous  to  olefiant  gas  or 
etherine.  It  is  an  oily  inflammable  liquid.  Cetylic  or  eUudic 
acid  will  be  hereafter  described.  Its  formula  is  Ca «  Ha  i ,  Oa, 
HO  =  Ca»  Hat  O4  ;  it  belongs  to  the  series  (C  H)n-f-04.~ 

XXII.  Am YLB.  G I  o  H 1 1  =  AyL 
This  is  the  hypothetical  radical  of  a  series  of  compounds^ 
derived  from  oil  of  potato  spirit,  which  is  itself,  when  pure, 
the  hydrated  oxide  of  amyle,  analogous  to  alcohol.  Both  the 
radical  and  its  anhydrous  oxide  are  unknown  in  the  separate 
state ;  but  a  sufficient  number  of  compoimds  has  been  obtained 
to  render  its  existence  highly  probable. 

Hydated  Oxide  of  Amyle.     G  lo  H i  x  O,  H  O  =  Ayl  O,  H  O. 

Syn.  OH  of  potato  spirit;  in  German  Fusdoel,  This  com- 
pound distils  over  towards  the  end  of  the  first  distillation  of 
spirits  made  from  potatoes,  rendering  these  last  portions  of  the 
sjpirit  milky  and  yery  offensive.  It  separates  on  standing  as  an 
oily  liquid,  which  is  washed  with  water  to  remove  alcoho], 
dried  by  chloride  of  calcium,  and  rectified  till  its  boiling  point 
becomes  steady  at  269*"  or  270^.    It  is  then  pure. 

It  is  a  colourless  oily  liquid,  very  mobile,  of  a  strong  and 
nauseous  odour,  which  produces  stupifying  effects.  Its  vapour, 
when  inhaled,  causes  cough  and  spasmodic  dyspnoea^  i 
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asthma,  often  followed  bj  Tomiimg.  Its  taste  is  veiy  acrid  and 
ziaiiseoiis.  Its  Sp.  G.  is  0*812.  At  —  4"*  it  cnrstallises  in 
shining  scales.  When  heated  with  dzy  hydrate  of  potash  it  is 
oxidised,  hydrogen  beinf^  given  off,  and  the  potash  is  found 
combined  with  valerianic  acid,  Cio  Hs  Os.  When  distilled 
with  anhydrous  phosphoric  add,  it  yields  anew  carbohydrogen, 
amil0ne=  Cio  til o. 

The  chloride  of  amyle  has  not  yet  been  obtained  ;  but  the 
bromide  and  iodide  are  formed  when  the  hydrated  oxide  is  dis- 
tilled along  with  phosphorus  and  bromine  or  iodine.  They 
are  both  heavy  oily  liquids,  and  their  formuls  are  Ayl  Br.  and 
Ayl  I. 

The  biwiphaU  of  oxide  of  amyle  or  tulphamilie  acid,  Ayl  O, 
H  O,  2  S  Oj,  is  analogous  to  snlphovinic  acid.  With  bases,  it 
forms  double  salts,  the  formula  of  which  is  MO,  AylO,2  SOs, 
which  are  soluble  in  water  and  crystallisable.  The  solutions, 
when  boiled,  yield  hydrated  oxide  of  amyle,  free  sulphuric  acid, 
and  a  neutral  sulphate. 

TheacekOecfoande  cfan^le  is  an  ethereal  liquid,  analogous 
to  acetic  ether.  Its  formula  is  Ci «  Hi 4  O4  =  Ci  o  Hi  i  0,  €« 
H«0.  =AylO,Ac03. 

The  hydrosulphwrei  cf  stdphuret  of  amylcy  Ayl  S,  H  S,  is  pre- 
pared in  the  same  way  as  mercaptan,  to  which  it  is  quite  ana- 
Jo«>us.  It  is  an  oily  liquid  boiling  at  243"^,  of  Sp.  G.  0*835. 
Ithas,  like  the  corresponding  compounds  of  eUiyle  and  methyle, 
a  most  penetrating  odour  of  onions ;  and,  like  them,  it  acts  on 
red  oxide  of  mercury,  forminff  a  white  crystalline  compound 
AylS,H§S. 

The  stUphoearbonate  ofoscide  Gfan^le,  very  analogous  to  the 
bisulphocarbonate  of  oxide  of  ethyle,  is  formed  wnen  bisul- 
phuret  of  carbon  acts  on  a  solution  of  potash  in  oil  of  potato 
spirit- 

OXIDATION  OF  BTDRATED  OXIDB  OF  AMTLE. 
Yalerianic  Add.  G10H9  Os,H  0  =  Cio  H10O4. 
It  has  already  been  mentioned,  that  when  oil  of  potato  spirit 
is  heated  with  dry  hydrate  of  potash,  hydrogen  is  given  off, 
and  valerianate  of  potash  is  formed.  Here  the  oil,  C 1  o  H 1 1  0, 
H  0,  loses  2  eq.  hydrogen,  aud  gains  2  eq.  oxygen ;  so  that 
valerianic  acid  stands  to  amyle  in  the  same  relation  as  acetic 
acid  to  ethyle,  and  formic  acid  to  methyle.  The  acid  is  easily 
separated  by  distilling  the  salt  of  potash  with  diluted  sulphuric 
acid.  In  composition  and  in  all  its  properties,  it  agrees  with 
the  native  valerianic  acid,  obtained  by  distilling  the  root  of 
Valeriana  officinalis  with  water.  It  l>elonfl;8  to  the  series  of 
adds,  the  general  formula  of  which  is  (C  H;  n+O*. 
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Valerianic  acid  is  a  limpid,  oily  fluid,  of  a  disagreeable  and 
peculiar  smell.  Its.  Sp.  Q.  is  0-944,  and  it  boils  at  BTO"" .  With 
bases,  it  forms  soluble  salts,  which  have  a  sweet  taste. 

The  action  of  chlorine  on  hydrated  oxide  of  amyle  gives  rise 
to  the  formation  of  a  compound,  chlaramilal,  supposed  to  be 
analogous  to  chloral,  but  the  composition  and  nature  of  which 
are  not  fully  known. 

Amdlene,  the  carbo-hydrogen  obtained  by  distilling  hydrated 
oxide  of  amyle  with  dry  phosphoric  acid,  nas  the  formula  Ct  o 
Hi  o,  and  is,  like  cetene,  isomeric  with  defiant  gas. 

XXIII.  Glycbrtu.    Ca  Ht  =  Gl.  ' 
This  is  the  hypothetical  radical  of  glycerine,  a  basic  com- 
pound which  exists  in  all  neutral  fat  oik  combined  with  oily 
acids, 

Hydrated  Oxide  of  Gljceryle.    Ca  Hr  Oa  +  H  O  r=  Gl  Os  H  O. 

Syn.  G^cerine,  To  obtain  it,  olive  oil  is  converted  into 
plaster  by  long  boiling  with  litharge  and  water.  When  the 
plaster  is  completely  formed,  the  glycerine  is  found  dissolved  in 
the  water.  It  is  purified  from  lead  by  sulphuretted  hydrogen, 
and  is  then  concentrated  in  the  vapour  bath  and  finally  in 
vacuo.  When  pure,  it  forms  a  viscid  syrup,  colourless  or 
slightly  yellow.  It  has  a  decided  sweet  taste,  and  its  Sp.  G.  is 
1*252.  By  the  action  of  heat  it  is  decomposed,  yielding  a 
peculiar  volatile  compound,  ttcroleine,  which  attacks  the  eyes 
most  powerfully.  This  suostance  has  lately  been  studied  by 
Redtenbacher  :  we  shall  give  his  results  when  treating  of  the 
action  of  heat  on  fat  oils. 

With  sulphuric  acid,  glycerine  forms  an  acid  sulphate  Ce 
H7  Os,HO,  2S0j;  which  forms  double  salts,  analogous  to 
the  sulphovinates,  the  formula  of  which  is,  MO,  GlOs,  2  S  Oa. 

There  is  reason  to  believe  that  the  basic  compound  in  oDs 
has  not  the  composition  of  the  isolated  glycerine.  In  some  oils 
it  would  appear  to  be  C 3  Ha  0,  which  Berzelius  calls  oxide  of 
lipyle;  and  Co  H7  Os  =  2  (C*  H.  0)  +  3  HO.  On  this 
view,  oxide  of  lipyle,  when  separated,  combines  with  water  to 
yield  glycerine.  We  shall  also  see  that  acroleine,  the  product 
of  the  action  of  heat  on  glycerine  is  C«  H^  O9  =  2  (C«  H«  0.) 

Having  now  briefly  described  the  known  or  admitted  organic 
radicals  and  their  derivatives,  we  proceed  to  consider  the 
organic  acids  whose  composition  is  known,  although  we  cannot 
speak  with  certainty  of  their  constitution,  their  radicals  being 
yet  unknown. 
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ORGANIC  A0ID8.  

1.  Citric  Acib.    Cit  Rs  Oi  i^  8  H  O  =  Ci,  3 H O. 

This  acid  is  found  in  many  vegetable  juices,  especially  those 
of  soui  fruits,  as  the  lemon,  lime,  orange,  red  currant,  &c.  It 
is  estracted  by  adding  chalk  to  the  acid  juice,  by  which  means 
an  insoluble  citrate  oi  lime  is  formed.  This  is  aecomposed  by 
dilated  sulphuric  acid  with  the  aid  of  heat,  and  the  solution, 
filtered  from  the  sulphate  of  lime,  gives  on  evaporation  and 
cooling  crystals  of  citric  acid,  consisting  of  Ci,  3  HO  +  aq* 
A  slight  excess  of  sulphuric  acid  promotes  the  cirstallisation. 

It  forma  huge  transparent  crystals,  very  soluble  in  water,  of 
a  very  strong  and  agreeable  acid  taste.  A  diluted  solution  is 
soon  decomposed,  becoming  mouldy.  By  spontaneous  evapora- 
tion of  a  saturated  solution,  crystals  may  be  obtained,  which  are 
Cl,  3  HO+2  aq.  At  SIS'",  these  lose  the  2  eq.  of  water  of 
crystallisation.  The  other  crystals,  above  mentioned,  do  not 
lose  water  at  212^,  but  melt  at  256^ ;  and  when  heated  beyond 
900'',  both  kinds  ars  decomposed.  Heated  with  oil  of  vitriol 
in  excess,  citric  acid  is  decomposed,  yielding, 

Fhun  1  eq.  dtric  add       .        .        .    .    CiaHsOi^ 

2  eq.  carbonic  add 

2  eq.  carbonic  oxide         .        .     • 

2  eq.  acetic  add 

2  eq.  \vater 

CiaHs0i4 

In  like  manner,  when  fused  with  caustic  potash,  citric  acid 
is  resolved  into  2  eq.  of  acetic  acid,  2  eq  oxalic  acid,  and  2  eq. 
water. 

When  citric  acid  is  added  to  lime-water,  the  liquid  remains 
clear,  but  when  heated  becomes  turbid,  and  deposits  citrate  of 
lime.  This  character  serves  to  distinguish  citric  acid  from  most 
other  vegetable  adds. 

SALTS  OF  CITRIC  ACID. 

Citric  acid  is  tribasic,  and  forms  three  series  of  neutnil  salts, 
that  is,  of  salts  with  3  eq.  of  base,  whether  fixed  base  or  basic 
water.  It  also  forms  basic  salts,  of  the  formula  Ci,  3  M0+ 
MO  er  Ci,  3  MO+MO+aq.  These  basic  salts  correspond  in 
constitution  to  the  two  forms  of  crystallised  acid. 

When  a  dry  citrate,  with  3  eq.  of  fixed  base,  is  decomposed 
by  sn  alcohohc  solution  of  hydrochloric  acid,  so  that  no  more 
water  is  presented  to  the  citric  acid  than  the  3  eq.  of  basic 


Ca 

04 

Ca 

0» 

€• 

H.O. 

HaOa 
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water  derived  from  the  hydrogen  of  the  hydrochloric  acid  and 
the  oxygen  of  the  base,  there  are  formed,  from  3  ^.  dry  citric 
acid,  2  eq.  of  the  acid  with  X  eq.  of  water  of  crystallisation, 
and  3  eq.  of  the  hydrated  aconitic  acid.  3(0 12  Hs  On, 
3  HO)  =  2  (C.  H.O.I,  3HO  +  aq.)  +  3  (C4HO3,  HO). 
This  is  the  same  change  which  takes  place  in  citric  acid  when 
heated  to  a  certain  point,  water  being  given  off. 

CUrcOe  of  Oxide  ofEthyle,  Ci,  3  AeO,  is  an  oily  liquid  of 
Sp.  Q.  1*142.  By  aUudies  it  is  converted  into  citrates  and 
alcohol.  

CitraU  of  Potash  occurs  in  three  forms.  Ci,  3  KO  ;  Ci, 
I  ^  1^^  and  ?S  1 2  HQ.    AU  are  very  soluble  and  ciystalliae 

with  difficulty,  

Citrate  of  Soda  also  forms  three  salts.  1.  Ci,  3  Na  0  +  11 
aq.  This  salt  forms  large  regolar  ciystals.  2.  Ci,  2  Na  O,  HO ; 
formed  by  adding  to  a  solution  of  the  preceding  salt  half  as 
much  citric  as  it  already  contains.  It  forms,  by  evaporation, 
needles  of  a  very  pleasant  subacid  taste.  3.  CT,  Na  0, 2  HO. 
Formed  by  adding  to  a  solution  of  No.  1,  as  much  citric  acid 
as  it  already  contains.  This  salt  does  not  crystallise  in  water, 
but  forms  a  gummy  mass.  A  saturated  alcoholic  solution, 
however,  deposits  crystalline  grains.  Citrate  of  baryta  forms 
two  varieties.  1.  Ci,  3  Ba  0+7  aq.  which  fsJls  when  citrate 
of  soda  is  added  to  chloride  of  barium.    2.  2  Ci  j     ^q  +  7 

aq.  =  CT  I  ^^Q  -I-  Ci,  3  Ba  0+7  aq.  This  is  deposited  on 

cooling,  when  a  boiling  solution  of  citrate  of  soda  is  added  to  a 
boiling  solution  of  chloride  of  barium  and  free  citric  add. 
Citrate  of  lime  also  yields  two  salts.  1,  neutral^  Ci,  3  Ca  0 
+4  aq.  formed  by  mixing  chloride  of  caJcium  and  citrate  of 
soda.  It  is  insoluble.  2,  basic :  i^,  3  Ca  0  +  Ca  O  +  aq. 
formed  when  citric  acid  is  heated  wiUi  excess  of  lime-water. 
The  citrate  of  lime  formed  from  lemon,  or  currant-juice,  by 
chalk,  is  an  impure  mixture  of  the  basic  and  neutral  salts. 
Citrates  of  lead,  L  cT,  3  Pb  0+aq.  2.  Ci,  2  Pb  0,  HO  +2 
aq. :  3,  basic  :  Ci,  3  Pb  0  +  3  Pb  O. :  4,  also  basic.  Ci, 
3  Pb  O  +  Pb  0  +  aq.  These  are  all  sparingly  soluble  or 
insoluble,  jmd  are  decomposed  by  washing.  Citrate  of  copper 
is  basic,  Ci,  3  Cu  0+Cu  0^  Citrate  of  siker  is  a  brilliant 
white^  insoluble  powder,  Ci,  3  Ag  0+aq.    It  loses  its  water 
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under  80^,  Oi^rate  of  anHmof^  and  paUuh  is  a  double  salt, 
Ci,  Sb.  Oa  +  Ci,  3  KO  -f  6  aq.  It  fonns  hard,  brilliant,  white 
prisms^  which  lose  their  water  at  212°. 

AOTION  OF  HEAT  ON  CITRIC  AGIO. 

The  first  effect  of  heat  on  ciystallised  citric  acid  is  to  melt  iti 
and  the  next,  to  expel  the  water  of  crystallisation,  The  acid? 
if  now  dissolved^  crystallises  nnchimged.  But  if  the  heat  be 
continued,  there  is  given  off  gas  and  inflammable  vapours,  and 
tlie  residue  is  no  longer  citric  acid  but  hydrated  aconitic  acid. 
1  eq.  GrystaUiaed  dtric  acid  Cx9HaOii+3HO  +  2ttq. 

Yields,fint^— 5eq.  ofwater    .        •  3H0  +  2aq. 

then —     1  eq.  aoonitic  acid  (bydrated)  C*  Hs  O4 

4  eq.  carbonic  oxide      ,.04         O4 

1  eq.  acetone    .        «        •  Ca  Ba  Oi 

1  eq.  carbonic  add        f     t  Ci  O9 

Oi9H5  0ii  +  8HO  +  2aq. 

When  the  heat  is  increased,  other  products  appear,  ^rticu- 
larly  two  new  acids :  but  these  are  derived  from  aconitic  acid. 
They  are  itaetmic  and  cUraconie  acidi, 

Aconitic  Add.  G4  H  Os|  H  O  =  At 
Stn.  EquueHc  Acid. — This  acid  occurs  native  in  aconUum 
napeUtu  and  in  equkOtimfluvioHle.  It  is  formed  b^  the  action 
of  heat  on  citric  acid,  as  above.  To  obtain  it,  citric  acid  is 
heated  till  it  ceases  to  give  off  inflammable  vapours,  and  the 
residue,  dissolved  in  alcohol,  is  treated  with  hydrochloric  acid 
gas,  wluch  causes  the  formation  of  aconitic  ether.  The  addition 
of  water  causes  this  to  separate,  and  by  caustic  potash  it  is 
converted  into  aconitate  of  potash.  From  tbis  aconitate  of 
lead  is  prepared,  and  this  salt,  decomposed  by  sulphuretted 
hydrogen,  yields  the  add. 

It  forms  indistinct  crystals ;  and  although  the  acid  thus  pre* 
pared  has  the  same  composition  as  that  from  aconite,  and  that 
nom  equisetum,  yet  eacn  of  the  three  varieties  has  some  pecu- 
liarities. They  may  not,  therefore,  be  identical,  especiallY  as 
two  acids  derived  from  malic  add,  the  maleic  and  paramaleic, 
or  fumaric  acids,  have  the  same  composition.  The  aconitic 
acid  from  citric  add,  when  heated,  yields  itaconic  and  citra- 
conic  adds  :  it  is  doubtful,  at  present,  wheUier  the  other  two 
varieties  do  so. 

Aconitic  add,  according  to  the  present  state  of  our  know- 
ledge, is  monobasic,  and  tiie  general  formula  of  its  salts  is  At, 
MO,    The  aconitates  are  not  important, 
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When  aconitic  acid  (from  citric  acid)  is  heated  to  from  366' 
to  aQS"*,  it  boils  and  yields  a  mixture  of  two  acids ;  itaconie 
acid,  which  condenses  in  crystals,  and  citraconic  acid,  which 
appears  as  an  oily  liquid.  When  the  distillation  is  Teiy  rapid, 
itaconie  acid  predominates;  when  it  is  slow,  there  is  more 
citraconic  acid.  These  two  acids  have  both  the  formula  Cs 
H,0.,HO* 

Itaeamic  a/oid  is  readily  purified  by  solution  in  hot  water,  as 
it  crystallisefi  with  mat  fecility.  It  is  soluble  in  water,  alco- 
hol, and  ether.  When  heated  it  is  resoWed  into  water  and 
anhydrous  citraconic  acid.  It  is  a  monobasic  add,  and  its 
formula  is  C.  H«  0>,  HO=It,  HO.  The  formula  of  its  salts 
is  It,  MO.  It  also  forms  acid  salts,  the  formula  of  which  is  2 
It,  MO,  HO.    The  itaconates  are  not  of  special  interest. 

Citraconic  acid  is  formed  when  the  preceding  acid  is  dis- 
tilledj  and  then  appears,  in  the  anhydrous  state,  as  a  limpid 
oily  liquid.  It  distils  unaltered  at  410°,  and  volatilises  slowly 
at  much  lower  temperatures.  It  attracts  moisture  from  the 
air,  forming  a  cr3r8talline  hydrate,  which,  when  heated,  is  ^^ain 
resolved  into  water  and  anhydrous  add.  The  formula  of  the 
anhydrous  acid  is  Cs  Ha  Oi^Ct ;  that  of  the  hydrate  Ct,  HO. 
It  forms,  like  the  preceding,  both  neutral  and  acid  salts  ;  and 
produces,  with  oxide  of  silver,  a  neutnd  salt  with  water  of 
crystallisation  ;  an  apparently  anomalous  case.  The  formation 
of  these  two  acids  takes  place  as  follows  : — 3  eq.  of  aconitic 
add,  3  (C4  H«  O4)  yield  2  eq.  itaconie  add,  2  (Ct  H*  Oj, 
HO),  and  2  eq.  carbonic  add,  2  CO 9.  The  itaconie  add,  when 
formed,  is  partially  resolved  into  water  and  anhydroua 
dtraconic  acid. 

The  three  acids  just  described,  aconitic,  itaconie,  and  dtra- 
conic adds,  require  farther  investigation.  It  is  probable  that 
it  will  be  found  that  they  are  not  all  monobadc.  The  exist- 
ence of  water  of  crystaUisation  in  the  neutnd  dtraconate  of 
silver  is  a  most  unusual  circumstance,  and  would  seem  to  in- 
dicate that  we  do  not  yet  know  the  constitution  of  the  add  in 
that  salt 

2.  Tartaric  Acid.     Cu  H4  Oio,2HO=T,2HO. 

This  acid  occurs  in  the  juice  of  the  grape  as  acid  tartrate  of 
potash ;  also  in  many  other  plants.  It  is  prepared  from  tartrate 
of  lime,  exactljr  as  citric  acid  is  from  citrate  of  lime.  Tartrate 
of  lime  is  obtained  by  the  action  of  chalk  on  acid  tartrate  of 
potash,  or  cream  of  tartar. 

Tartaric  acid  ciystallises  in  large  rhombic  prisms,  tnmsparsBt 
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•Dd  coknulesfl.  Th^  are  veiy  soluble  in  water,  and  luve  a 
pleasant  acid  taste.  When  boiled  with  alcohol,  tartane  acid 
forms  acid  tartrate  of  oxide  of  elhyle.  A  high  temperature 
decomposes  taartaric  acid,  giving  rise  to  seveial  new  products. 

An  excess  of  potash  aided  by  heat,  transfoims  it  into  acetate 
and  oxalate  of  potash,  Cs  H4O10,  2H0=04  Ha  Os,  HO-f 
2  (Ct  Os  HO).  B^  peroxide  of  manganese  and  sulphuric 
acid  it  is  converted  mto  formic  acid,  carbonic  acid,  and  other 
products.  There  is  some  relation  between  tartaric  and  formic 
acids:  for  if  formic  add  be  FoOj  (Fo=C*  H),  tartaric  acid 
18  2  (Fo.  O5). 

Tartaric  acid  precipitates  lime-water  white,  but  an  excess 
dissolves  the  precipitate.  In  solution  of  potash,  if  the  acid 
be  added  in  excess,  it  causes  a  crystalline  deposit  of  cream  of 
tartar,  which,  where  the  potash  is  in  very  minute  proportion, 
is  rendered  more  visible  by  the  addition  of  alcohol. 

It  is  a  bibasic  acid,  and  forms  two  series  of  salts :  1.  neutral, 
T^  2  MO ;  2.  acid,  T,  MO,  HO.  It  forms  also  two  kinds  of 
double  salts :  in  one  the  2  eq.  of  fixed  base  are  different  prot- 
oxides, T,  j  ^Q ;  in  the  other,  one  of  ihe  equivalents  of  fixed 
base  is  replaced  by  1  eq.  of  a  sesquioxide  5  T,  J     ^  q^  .     This 

latter  kind  may  be  considered  basic,  since  the  sesquioxide, 
m*  Os,  usually  neutralises  as  mudi  acid  as  3  eq.  of  protoxide. 
Tartaric  add  is  remarkable  for  its  tendency  to  form  double  salts. 

Among  the  neutral  tartrates  are,  tartrate  of  ammorUaj  ^, 
2  NH4  0  +  2  aq. ;.  tartrcOe  of  potash,  or  soluble  tartar,  T> 
2K0;  tartrate  afsoda,  T,  2  N&0  +  4aq.;  tartrate  of  Hme,1, 
2  CaO  +  8  aq.,  &c.  &c. 

Among  the^acid  salts  are,  add  tartrate  of  etfyle,  or  tartro- 
vinic  acid,  T,  AeO,  HO^*  crystallisable  coiiq)ound:  acid 
tartrate  of  potash,  or  tartar,  T,  K  0,  H  O.  This  is  the  principal 
compound  of  tartaric  add.  It  exists  in  the  juice  of  the  grape, 
dissolved  by  tiie  aid  of  the  sugar  present,  and  when  that  sugar 
is  converted  into  alcohol,  in  which  the  tartar  is  insoluble,  it  is 
deposited  on  the  sides  of  the  fermenting  casks.  When  purified 
it  IS  quite  white,  and  is  called  cream  of  tartar.  It  is  much  used 
in  medicine  as  a  safe  and  mild  laxative.  When  calcined  in  a 
covered  crucible  it  leaves  a  mixture  of  carbonate  of  potash  and 
charcoal,  called  black  flux.  Hence  carbonate  of  potash  is  called 
salt  of  tartar.  Like  all  the  tartrates,  cream  of  tartar,  when 
heated,  gives  off  a  veiy  peculiar  smell  of  burnt  vegetable  matter, 
peculiar  to  tartaric  andracemic  acids  and  their  salts. 
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Among  the  veiy  nmneroas  doable  tartrates  may  be  men* 
tioned  the  tartrate  of  pota^  and  ammonia,  T^KO,  NH*  O  : 
the  tartrate  of  potash  and  oxide  ofethyle,  Y,  Ae  0,  K  O ;  tartrtUe 
of  potash  and  boraeic  acid,  T,  KO,  BOs;  this  is  the  soluble 
cream  of  tartar  used  as  a  laiative  on  the  continent : — ^artrtOe 
^potash  and  soda,  T,  KO,  NaO  + 10  aq.  This  is  the  salt  of 
Seignette  or  Rochelle  salt.  It  ciystallises  in  very  large  trans- 
parent prisms^  and  is  nsed  as  a  mild  laxative : — tartrate^  of 
potash  and  peroxide  of  ironj  Y,  KG,  Fe«  0»;  this  is  the  tar- 
tarised  iron_of  the  pharmaeoposias :— fortro^  of  potash  and 
antimony,  T,  KO,  Sb*  0*.  This  is  tartar  emeHe,  one  of  the 
most  vaiuable  remedies.  It  most  be  considered  as  a  basic  salt ; 
for  Sba  Osy  here  substitnted  for  HO  or  KO,  in  short  for  a  prot- 
oxide, requires  for  its  neutralisation  an  additional  equivalent  of 

— •     (KO 
tartaric  add*    It  then  yields  the  compound  ^  1^  +  j  g^^,  Qs 

which  is  neutral^  since  the  bases  contain  4  eq.  of  oxygen  for 

2  eq.  of  acid. 

Tartar  emetic  is  formed  when  3  parts  of  oxide  of  antimony 
and  4  of  cream  of  tartar  are  ground  together,  and  made  into  a 
thin  cream  with  water,  which  is  heated  to  158**,  till  a  portion, 
tried  separately,  dissolves  in  15  parts  of  cold  water.  When  this 
is  the  case,  6  or  8  parts  of  water  are  added,  and  the  whole  boiled 
for  half  an  hour.  The  liquid,  filtered  while  hot,  deposits,  on 
coolmff,  crystals  of  tartar  emetic.  It  forms  white  brilliant 
cxyst^  wnich  soon  become  opaque.  It  is  soluble  in  14  or  15 
pajt8_of  cold  water  and  2  parts  of  boiling  Water.  The  ciystals 
are  T,  KO,  Sb,  0*,-|- 2aq. 

When  heated,  the  ciystals  first  lose  the  2  eq.  of  water  of 
crystallisation ;  and  when  the  heat  rises  to  390%  2  more  eq.  of 
water  are  given  off,  without  the  acid  being  destroyed*   The  salt 

is  then  C»  Ha  Oi  o  -H  <  g^^Q.    That  is  to  say,  2  eq.  of  oxygen, 

from  the  oxide  of  antimony,  have  been  expelled  along  with  2 

of  hydrogen  from  the  acid.    It  has  been  already  shown  that 

C  KO 
tartar  emetic  Ci  t  H4  Oi  o  +  <  ^j^    q^,  contains  2  eq.  of  oxygen 

in  the  bases,  more  than  is  required  for  a  neutral  salt;  and  it  is 
apparently  uiese  2  ec[,  of  oxygen  which  are  thus  expelled  as 
water.    If  we  bear  in  mind  that  Sbt  O3  is  the  equivalent  of 

3  KO ;  or  in  other  words,  that  Sbf  is  e<^uivalent  to  K  or  to  H, 
we  can  then  see  that  the  tartar  emetic  heated  to  390°  is 
analogous  in  composition  to  neutral  tartrate  of  potash. 


Tartmteofpotasliit        .        •    Cs    II4 
Tartar  emetic,  heated  to  3d0»  is,    Ca{^ 

Oi9  4-  ^9 
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In  this  j^oint  of  vieW  the  2  Sb  are  divided,  4  Sb  replacing^ 
hydrogen  in  the  radical;  and  l-  Sb  replacing  potassinm  in  the 
base. 

The  neiOraltanraU  ofpoUuh  andwOwum^y  ^  ^  jsb?  0 j 
+  7  aq.  is  always  formed  in  the  mother  liquors  of  tartar  emetic. 
It  \a  also  formed  when  tartar  emetic  is  dissolyed  in  tartaric  acid. 

Tartar  emetic  fonns  a  doable  salt  with  cream  of  tartar,  T) 
KO,  Sb»  03-f  3(T,K0,H0).    It  ciystainses  in  scales. 

ACTION  OP  BBAT  ON  TARTAHIO  ACtD. 

When  ciystallised  tartaric  acid  is  heated  it  melts,  then  loses 
\  of  its  water,  leaving  a  new  acid,  tartralic  acid ;  next  it  loseel 
7  its  water,  and  is  converted  into  tartrelic  acid ;  and  finally  it 
loses  all  its  water  and  is  converted  into  anhydrous  tartaric  acid. 
We  may  represent  these  changes  as  follows,  doubling  the 
formula  of  tartaric  acid. 

Ci«  Hs  O90  +  4  HOzrcryatalliied  tartaric  acid. 

Cie  Hs  Oao  +  SHO  =  tartralic  acid. 

Gie  Hs  Oflo  + 2  H0  =  tartrelic  acid. 

Cie  Hs  Oao  zzanhydrouB  tartaric  acid. 

In  tartralic  and  tarti^lic  acids,  the  neutralising  power  is 
diminished,  in  so  £&r  that  tartralic  acid  neutralises  :^Ui  less  base, 
and  tartrelic  add  ^  less  base  than  tartaric  acid.  Both  of  these 
acids,  as  well  as  the  anhydrous  acid,  are,  by  long  boiling  with 
water,  reconverted  into  tartaric  acid.  It  would  appear  as  if  in 
the  tartralic  and  tartrelic  acids,  an  additional  quantity  of  anhy-* 
drous  acid  had  been  added  to  the  radical  without  affecting  the 
neutralisinff  power^  just  as  in  phosphoric,  pyrophosphoric,  and 
metaphosphoric  acids.  If  we  represent  the  anhydrous  acid  by 
C4  Hi  Oi,  then  we  have 

2  (C4  Ha  O0)  +  2  H0=:  crystallised  acid. 

3  (C4  Ha  Os)  +  2  HO=:  tartralic  acid. 

4  (C4  Hs  Os)  +  2  H  O  =  tartrelic  acid. 

When  tartaric  acid,  or  rather  anhydrous  tartaric  acid,  is  more 
strongly  heated,  it  yields  two  pyrogenous  acids,  one  liquid,  the 
other  crystallised.  The  former,  C«  H*  Os,  HO,  the  latter  Cs 
Hj  Os,  HO.  In  fact,  2  eq.  of  anhydrous  tartaric  acid  contain 
the  elements  of  1  eq.  of  each  of  these  new  acids,  5  eq.  of 
earbonic  acidj  and  2  eq.  of  water.    The  liquid  acid  is  ctJled 
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P3nromcemic  acid,  being  obtained  also  hoax  laoemic  add :  the 
BoUd  acid  may  be  called  pyrotartaric  acid. 

Tariralicacidj  Ci »  H«  Os,  2  HO^is  obtained  bjcantionaly 
heating  tartaric  acid,  taking  care  not  to  cause  it  to  become  brown. 
It  is  combined  with  baryta,  and  the  bai^  separated  fronoi  the 
soluble  tartralate  by  dilated  salpharic  aad.  Tartralic  acid  forms 
a  transparent  mass,  not  crystalline,  deliquescent  and  soluble  in 
alcohol.  It  is  converted  into  tartaric  acid,  slowly  by  cold  water, 
rapidly  by  hot  water.  It  appears  to  be  bibasic,  and  most  of  its 
salts  are  soluble.  "By  long  contact  with  water,  they  are  eonTerted 
into  tartrates  and  free  tartaric  acid. 

Ibrtrelieaeid,  Ci  o  Ha  Oa  o,  2  H  O,  is  obtained  by  keeping  the 
preceding  acid  long  melted  without  raising  the  temperature.  It 
IS  coloured  brown,  is  deliquescent  and  dissolves  both  in  water 
and  alcohol.  Water  rapidly  dianges  it  into  tartralic  and 
tartaric  acids.  Its  salts  are  soluble,  and  undergo  the  same 
change  as  those  of  tartralic  acid. 

Anh^droufi  tarkiric  acid,  C*  H«  Os,  is  pr^ared  by  rapidly 
heating  ^  oz.  of  tartaric  acid  in  a  porcelain  capsule.  It  swells 
up  very  much,  gives  off  water,  and  is  at  last  converted  into  a 
porous  white  mass.  This  is  now  heated  for  some  time,  in  an 
oU-bath,  to  a  temperature  of  dOSf*,  then  powdered  and  well 
washed  with  cold  water,  and  dried.  It  forms  a  white  powder 
insoluble  in  water,  alcohol,  and  ether.  By  the  action  of  water 
and  bases  it  is  converted  successively  into  tartrelic  and  tar- 
taric acids. — Pyroracemic  acid;  or  liquid  pyrcktrtarie  addy 
Ce  HsOc,  HO  =  p^  H  0,  is  one  of  the  products  of  the  dis- 
tillation of  tartaric  and  raoemic  adds.  It  is  separated  from 
the  ciystals  which  accompany  it,  combined  with  oxide  of  lead, 
and  the  well-washed  pyrotaitrate  of  lead  decomposed  by  aol- 
phuretted  hydrogen.  It  is  concentrated  in  vacuo,  and  forms  a 
thick  syrup  nearly  colourless,  which  eannot  be  distilled  without 
partial  decompositbn.  Its  salts  are  not  easily  obtained  in 
crystals,  and  when  their  solutions  are  heated,  they  lose  the 
power  of  crystallising.  The  general  formula  of  the  otto- 
racemates  is  Go  Hj  Os,  M  O.  They  are  coloured  dark-red  by 
salts  of  protoxide  of  iron,  and  a  crystal  of  sulphate  of  copper 
introduced  into  the  solution  of  a  pyroracemate  causes  a  white 
precipitate.  PyraracenuUe  of  oxiae  of  eth^le  is  a  colourless 
liquid,  of  an  aromatic  smell,  resembling  that  of  acorus, 

PyroUfTtaric  add,  C«  Hs  0.,  HO  =  pT^  HO,  is  fomied 
along  with  the  preceding  acid  in  small  quantity  by  Ihe  distilla- 
tion of  tartaric  acid  ;  it  is  obtained  far  more  abundantly  by  the 
distillation  of  cream  of  tartar.  The  product  of  the  custil- 
lation,  which  is  liquid,  is  evaporated  till  it  crystallises,  and 
the  mother  liquid,  acted  on  by  nitric  add  to  destroy  the  oily 
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impiiiities,  and  again  evaponted,  yields  an  additional  qnantity; 
The  crystals  melt  at  230^  and  yolatilise  at  from  284°  to  300^. 
The  saltB  of  this  acid  are  soluble,  that  of  lead  appeai-s  to  be 
rather  sparingly  so.  But  the  results  of  different  experimenters 
on  this  subject  are  so  discordant  that  we  must  wait  for  further 
researches. 

S.BacemicAdd.  C4Ha05,HO=iB,HO?orC8HaOio,2HO=B,2HO? 

Stn.  Paratartaric  ctcid, — This  remarkable  add,  which  has 
the  same  composition  in  100  narts  as  tartaric  acid,  and  yeiy 
similar  properties,  is  found  suong  with  tartaric  acid  in  the 
spipes  of  certain  districts.  When  both  acids  are  present,  the 
Bqoid  obtained  by  boiling  the  tartrate  and  racemate  of  lime 
with  diluted  sulphuric  acid  deposits,  on  eyaj^ration,  racemic 
acid  in  haid  cxystalline  crusts,  before  tartaric  acid,  which  is 
more  soluble,  beeins  to  crystallise.  It  may  be  distinguished 
from  tartaric  acid  by  not  forming  a  double  salt  of  potash  and  soda. 

The  crystals  of  the  racemic  acid  haye  a  yeiy  sour  taste,  and 
aie  composed  of  B^  H  0+aq.  At  212*^  they  lose  the  1  eq.  of 
water  of  crystallisation,  and  when  more  strongly  heated,  yield 
the  same  products  as  tartaric  acid.  The  solution  of  racemic 
add  forms  a  predpitate  of  racemate  of  lime  when  mixed  with 
chloride  of  caldum,  which  seryes  to  distinguish  it  from  tartaric 
add ;  but  like  tartaric  acid,  it  causes  a  ciystalline  predpitate 
in  the  salts  of  potash. 

Bacemie  add  is  possibly  monobasic,  and  according  to  some, 
it  does  not,  like  tartaric  add,  fonn  double  salts  with  two 
strong  bases.  It  forms  neutral  salts,  1r,  MO,  and  acid  salts, 
B,  M  0+  B,  H  0.  Thus  the  neutral  racemate  of  potash  is  B, 
KO  +  2  aq.,  and  the  acid  racemate  of  potash,  analogous  to 
cream  of  tartar,  is  B,  KO-hB,  HO.  These  two  salts,  there- 
fore, haye  precisely  the  same  composition  as  the  corresponding 
tartrates.  The  acid  lacemate  of  potash,  with  oxide  of  anti- 
mony, yields  a  double  salt  analogous  to  tartar  emetic^  but  of  a 
different  ciystalline  form.  The  relations  of  racemic  acid  to 
die  oxides  of  ethyle  and  methyle  are  similar  to  those  of 
tartaric  add.  On  tiie  whole,  racemk  add  is  interesting,  from 
ita  presenting  one  of  the  best  marked  cases  of  isomerism, 
namely  with  tartaric  add.  In  this  case,  not  only  is  the  com- 
position the  same,  but  the  general  properties,  and  most  of  the 
•pedal  ones,  are  identical.  In  fact,  were  .it  not  that  we  must 
admit  tartaric  acid  to  be  bibasic,  we  should  find  it  difficult 
in  any  way  to  account  for  the  differences  which  exist  between 
the  two  adds.  We  haye  here,  even  on  the  supposition,  which 
is  doubtful,  that  racemic  acid  is  monobasic,  a  yery  near 
approach  to  the  occurrence  of  different  properties  with  the 


450  IIAUC   ACID. 

same  compontion,  and  ^rea  the  nine  anrangement.  The  two 
acid  salts  of  potaah,  for  example,  are,  on  this  yiew,  C«  H« 

Oio  |]^Qfortliebitartr&te:andC«H>Oi,KO+C«H,Os,HO 

for  the  biracemate.    If  we  represent  the  latter  as  follows : 

tJike  they  are,  even  on  the  view  we  have  adopted  of  the  one 
acid  beinff  bibasic,  and  the  other  monobasic;  and  wemnst  bear 
in  mind  uiat  these  two  salts  are  strikingly  similar  in  properties. 
The  same  remarks  apply  to  the  cxystallised  acids  and  to  the 
doable  salts  with  antimony,  althongh  in  the  case  of  the  two 
acids,  We  have  evidence  of  one  point  of  difference  in  the 
arran^ment.  Tartaric  acid  is  Cs  H4  Oio,  2  HO,  while 
tacemic  acid  is  C4  H*  Os,  H  0+aq.,  and  loses  the  water  of 
ciystallisation  at  212''. 

Fresenios  has  recently  investigated  the  racemates  and  has 
not  been  able  to  establish  the  tme  distinction  between  racemic 
and  tartaric  acids.  More  recently  still,  a  doable  racemate  of 
potash  and  soda  has  been  obtained,  which  woold  lead  as  to 
admit  racemic  acid  to  be,  like  taitaric  acid,  bibasic.  For 
the  present,  therefore,  we  cannot  specify  with  certainty  any 
difference  of  constitution  between  the  two  acids* 

4.  MaUc  Acid.  Ca  H4  0«,  2  H  O  =  M,  2  H  0. 
This  acid  is  of  very  freqnent  occurrence  in  acid  fruits,  as  in 
the  apple,  and  especially  in  the  unripe  berries  of  Sorbus  <mcu^ 
paria,  or  mountain  ash.  The  best  method  of  extracting  it  is  to 
express  the  berries  when  they  begin  to  turn  red,  and  to  add  to 
the  strained  liquid  a  thin  milk  of  lime  so  as  not  entirely  to  neu- 
tralise the  acid.  On  heating,  neutral  malate  of  lime  separates, 
and  is  removed  by  a  skimmer.  To  the  mother  liquid  more  milk 
of  lime  is  added  cautiously,  so  as  to  produce  an  additional 
quantity  of  salt  The  malate  of  lime  is  washed  with  cold 
water,  and  dissolved  with  the  aid  of  heat  in  a  mixture  of  1  part 
nitric  acid,  and  10  of  waten  On  cooling,  acid  malate  of  Hme 
is  deposited  in  regular  crystals,  which  are  almost  always  colour^ 
less.  They  are  rendered  quite  pure  by  a  solution  in  not  water 
and  crystallisation.  From  this  salt,  by  the  addition  of  acetate 
of  lead,  malate  of  lead  is  precipitated  as  a  curdy  white  solid^ 
which,  if  left  in  the  liquid,  changes  into  shining  silky  crystak. 
These,  which  are  pure  malate  of  lead,  being  decomposed  by 
sulphuretted  hydrogen,  yield  the  acid,  which  when  evaporated 
to  a  mup  forms  a  granular  crystalline  mass,  deliquescent  in  the 
air,  of  a  strong  but  agreeable  acid  taste.  When  the  ciystallised 
acid  is  kept  for  some  time  at  a  heat  of  280®,  it  melts,  and  the 
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melted  acid  is  gradually  filled  with  czystalB.  Cold  Watet  removes 
the  ancluuDged  malic  acid,  which,  if  again  heated,  nndergoes  the 
same  change,  till  at  length  all  the  malic  acid  is  converted  into 
these  crysUds,  which  are  paramai^  or  Jwnarie  oad* 

If  malic  add  he  distilled  hy  a  sharp  heat,  a  great  part  passes 
over  in  the  form  of  a  volatile  cnrstalbsahle  acid,  tiie  maido  acid. 
At  a  certain  period  of  the  distillation,  if  the  retort  he  removed 
from  the  fire,  the  hoiling  residue  having  become  turbid  and 
thick,  it  suddenly  becomes  quite  solid^  and  is  found  to  consist 
of  fumaric  acid. 

Malic  acid  is  bibasic ;  in  |>roof  of  which,  it  forms  acid  salts 
with  lime,  magnesia,  and  oxide  of  zmc,  wbidi  monobasic  acids 
never  do.  There  are  two  series  of  malates :  1.  neutral,  M,  2 
MO  ;  2.  acid,  M,  MO,  H  0.  Most  of  the  malates  are  soluble 
in  water,  but  not  in  alcohol.  Lime  water  neutralised  by  malic 
acid^  continues  clear  whether  cold  or  hot,  which  serves  to 
distmguish  it  from  tartaric,  citnc,  racemic,  and  oxalic  acids. 

Acid  malate  of  ammamay  M,  N  H4  0,  H  0,  is  best  formed  by 
neutralising  with  ammonia  one  of  two  equal  portions  of  mabc 
acid  (as  prepared  from  the  crude  malate  of  lead  by  diluted 
sulphuric  acid),  and  then  adding  the  other  portion  and  eva« 
porating  to  a  syrup.  On  cooling,  large  and  very  regular  ciys- 
tals  of  the  acid  salt  are  deposit^,  which  are  eauly  decolorised 
by  animal  charcoal.  Tbis  is  an  excellent  method  of  purifying 
Boalic  acid,  when  it  is  much  contaminated  with  otner  suIh 
stances.  Acid  malate  of  lime  M,  Ca  0,  H  0 + 6  aq.,  is  prepared 
as  above  described.  It  forms  very  regular  and  pure  crystals, 
soluble  in  their  own  weight  of  boiling  water,  but  requiring  20 
parts  of  cold  water.  When  malic  acid  is  saturated  with  chalk, 
an  acid  liquid  is  obtained,  which,  when  boiled,  deposits  the 
naaral  malate  of  lime,  M,  2  CaO.  The  malate  of  lead  M,  2 
Pb  04-6  aq.  is  remarkal>le  for  changing  when  left  in  the  liquid 
in  which  it  has  been  formed,  from  a  cirrdy  white  precipitate  to 
a  mass  of  fine  silky  needles.  In  hot  water  this  salt  melts  into 
a  mass  like  pitch  in  consistence.  Add  malate  of  copper.  M, 
Gu  0,  H  0+2  aq.,  forms  splendid  large  crystals  of  a  fine  c^alt 
blue  colour.  There  appears  to  be  a  hasie  malate  ofeopper^  M,  2 
CuO+^CqO+G  aq.,  which  forms  green  crystals,  malste  tf 
dher,  M,  2  Ag  0,  is  a  white  powder,  soluble  in  boiling  water. 
The  other  malates  are  analogous  to  these,  and  possess  little 
interest.  

Maleic  Acid,  C«  H>  0«,  2  H  0  =  Ma,  2  HO,  is  prepared  as 
above  mentioned,  by  distilling  malic  acid.  This  acid  is  bibasic, 
but  has  the  same  composition,  in  100  parts,  as  aconitic,  or  eqni- 
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•etie  add.  It  forms  emtali,  wUeh  aie  veij  loiable  in  water, 
alcohol^  and  ether.  Wnen  heated  AarpLj,  it  yields  water,  and 
a  white  volatile  solid,  melting  at  134**,  sjid  Wling  at  360^, 
which  appears  to  be  anhydrons  maleic  acid.  When  the  hydrated 
acid  is  Kept  melted  for  some  time,  it  is  changed,  exactly  as 
malic  add  is,  into  famaric  add.  Hydrated  maleic  add  haa 
precisely  the  same  composition  as  anhydrous  malic  add,  which 
at  onoe  explains  its  formation. 

The  general  formula  of  its  salts  U  Ra,  B  MO  for  the  nential, 
and  Ma,  M  0,  H  0  for  the  add  maleates.  It  forms  an  add 
maUaU  ofHlver,  Hai  Ag 0,  HO.  _^ 

Ihimarie or  Piiramaleic  Acidf  C«  H0«,  HOssFu,  HO,  is 
formed  as  above  stated,  by  heatinff  either  inalic  or  maleic  adds 
to  their  melting-point,  and  keepug  them  melted  for  a  long 
time.  It  occors  m  fumaria  ojjkinalisy  and  in  Iceland  moss. 
It  forms  micaceous  scales  requiring  200  parts  of  cold  water  for 
solution.    It  is  soluble  in  alcohol. 

It  is  a  monobasic  acid,  but  has  the  same  compoution  in  100 
parts  as  maleic  acid,  which  at  once  explains  its  formation  from 
maHc,  or  from  maleic  acid.  Its  salts  are  sparingly  soluble. 
The  fumanxU  of  oxide  of  et^le  is  a  heavyoily  liquid  of  an 
aromatic  smell  of  fruits.  When  this  ether,  Fu,  Ae  0,  is  acted 
on  by  aqua  ammoni»,  it  forms  a  white  insoluble  powder,  which 
is  fiitnaramide,  C*  H0>  +  NH..  This  body  haa  all  the 
characters  of  a  compound  amide. 

5.  Tannic  Acid.  Cis  H«  0»,  8  H  0  =  Qt,  8  H 0. 
Stn.  QuereUannic  Acid,  Tannine.  This  acid  occuib  chiefly 
in  oak-bark  and  in  nut-galls,  an  ex- 
crescence on  oak-leaves  caused  by  the 
attacks  of  an  insect  which  apparently 
pierces  the  leaf  in  order  to  deposit  its  eggs. 
To  obtain  it,  coarsely-powdered  nut- 
Kails  are  acted  on,  in  an  apparatus  of 
displacement  by  ether,  free  from  alcohol, 
but'satniated  with  water.  When  the 
ether,  after  being  left  some  time  in  con- 
tact with  the  powder,  is  allowed  to  drop 
into  the  lower  vessel,  it  separates  into 
two  strata  of  liquid,  the  lower  of  which 
is  a  pure  solution  of  tannic  add  in  water, 
which  is  drawn  off  and  dried  up  after 
being  washed  with  ether.  The  dry 
mass  is  re-dissolved  in  water,  and  again 
dried  up  in  vacuo. 
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Tannic  acid  thus  obtained  is  nearly  white,  and  not  at  all 
crystiiUine.  It  is  yeiy  soluble  in  water,  and  has  a  most  astrin-* 
sent  taste  without  bitterness.  It  is  soluble  in  weak  alcohol. 
but  hardly  soluble  in  ether.  The  aqueous  solution,  if  eiqposed 
to  the  air,  absorbs  oxygen,  iprodnces  an  equal  volume  of  car- 
bonic acid,  and  ib  converted  mto  gaUie  and  eUapic  acida.  The 
additioii  of  the  mineral  adds  to  a  solution  of  tannic  acid, 
causes  a  precipitate,  which  is  composed  of  tannic  acid  and  the 
add  employed  (sulphuric,  &c.),  and  which  is  yeiy  soluble  in 
pure  water.  The  predpitate  formed  by  sulphuric  add,  in  a 
hot  solution,  dissolves  in  hot  diluted  sulphuric  add,  and  when 
this  solution  has  been  boiled  a  short  time,  it  contains  no  tannic 
add,  the  whole  bdng  converted  into  gallic  add. 

Tannic  add  combines  with  animal  gelatine,  forming  an  inso- 
luble curdy  precipitate.  A  piece  of  prepared  skin,  introduced 
into  a  solution  of  tannic  aad,  absorbs  the  add,  and  is  con- 
verted into  leather.  When  heated,  tannic  add  is  converted 
into  metagallic  and  pyrogallic  adds. 

Tannic  add  and  its  udts  strike  a  deep  blue,  nearly  black 
colour  with  peisalts  of  iron ;  and  it  likewise  causes  a  precipitate 
in  the  solutionB  of  most  of  the  vegetable  bases. 

It  is  a  tribaaic  add,  and  the  general  formula  for  the  neutral 
tannates  is  Qt,  8  MO  in  the  case  of  protoxides,  and  3  Qt,  Ma 
O3,  in  the  case  of  sesquioxides.  Ijiese  salts,  however,  nave 
been  but  little  studied. 

The  conversion  of  tannic  add  into  gallic  add  is  not  fully 
understood.  In  some  drcumstances,  it  appears  to  depend  on 
tiie  absorption  of  oxygen  ;  and  in  fact,  1  eq.  tannic  acid,  phu 
8  eq.  oxygen,  contains  the  elements  of  2  eq.  gallic  acid,  4  e^. 
carbonic  acid,  and  2  eq.  water.  But  when  me  conversion  is 
produced  by  sulphuric  add,  no  other  substance  is  formed  with 
the  gaUic  add,  except  a  colouring  matter,  which  appears  not 
to  he  essential.  There  is  some  probability  that  gallic  add 
exists  ready  formed  in  tannic  acid,  and  if  we  subtract  2  eq. 
anhydrous  gallic  acid,  2  (C7  Ha  O4)  from  1  eq.  of  hvdrated 
tannic  acid,  Ci  s  Hs  Oi  a,  there  is  left  C*  H4  0«,  which  is  the 
composition  of  hydrated  acetic  add ;  or,  tripled,  that  of  dry 
grape  sugar.  As  tannic  add,  or  at  least  the  powder  of  nut- 
galu,  if  moistened,  is  said  to  be  susceptible  of  the  vinous  fer- 
mentation, it  is  not  impossible  that  tannic  acid  may  contiun 
giUic  acia,  phu  sugar,  if  not  gallic  acid,  plus  acetic  add. 
Tannie  add  is  converted  into  gallic  add  as  rapidly  by  the 
action  of  an  excess  of  alkali  as  by  that  of  add ;  but  tne  whole 
subject  requires  investigation. 
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6.  Gallic  Acid.    Cr  H0>,  2H0  =  G,  2H0, 

This  acid  exists  in  the  seeds  of  mango,  and  is  fonned  aa  above 
described  by  the  decomposition  of  tatmic  add.  It  is  pnrified 
from  colouring  matter  oy  combining  it  with  oxide  of  lead, 
and  decomposing  the  gallate  of  lead,  suspended  in  water, 
by  sulphuretted  hydrogen ;  the  sulphuret  of  lead  acts  as  a 
decolorising  agent. 

Pure  gaUic  acid  forms  beautiful  prisms  of  a  silky  lustre,  and 
a  slight  yellowish  colour,  of  the  formula  Cr  HOj,  2  HO+aq. 
It  i^  sparingly  soluble  in  cold  water,  requiring  lOOjpartfl;,  but 
dissolves  in  3  parts  of  boilins  water.  Solutions  otthe  add 
and  its  salts,  strike  a  black  colour  with  persalts  and  protoper* 
salts  of  iron.  When  exposed  to  the  air,  the  solution  of  gallic 
acid  absorbs  oxygen,  and  becomes  dark-coloured  ;  this  change 
is  very  rapid  in  the  presence  of  alkalies,  so  that  the  alkaline 
gallates,  especially  if  the  alkali  be  in  excess,  are  rapidly 
decomposed,  and  become  nearly  black. 

When  dissolved  in  hot  oil  of  vitriol,  and  predpitated  from 
the  cold  solution  by  water,  gallic  acid  is  obtamed  in  a  peculiar 
form,  as  Cr  Ha  O4,  perhaps  Cr  H03+H0,in  which  the  crya* 
tak  have  lost  2  eq.  of  water,  1  basic  or  hydratic,  the  other, 
water  of  crystallisation.  This  peculiar  gallic  acid  is  a  reddish- 
brown  crystalline  powder,  which  might  be  used  in  dyeinf,  as 
it  yields  colours  on  cloth  like  those  from  madder.  Whei^ 
heated  it  forms  fine  red  prisms,  which  call  to  mind  alizarine, 
the  ciystalline  matter  found  in  madder. 

By  the  action  of  heat,  crystallised  gallic  add  yields,  like 
tannic  acid,  pyrogallic  and  metagallic  acids. 

The  gallates  are  little  known.  They  are  veiy  easily  decom- 
posed by  the  action  of  the  air.  The  acid  gaUate  of  ammonia  is 
O,  NH4  0+G,  2  HO.  Add  gallate  of  lead  has  a  similar 
composition.    There  is  a  bibasic  gallate  of  lead,  G,  2  Pb  0, 

The  recent  investigations  of  Buchner,  jun.,  have  shown  that 
^  both  the  tannates  and  gallates  are  in  some  respects  anomalous, 
'  and  require  further  study. 

When  tannic,  or  gallic  acid,  is  heated  by  a  sharp  fire,  car- 
bonic acid,  water,  and  pyrogallic  acid  distil  over,  while  a  dark 
solid  remains  in  the  retort,  which  is  metagallic  acid. 

Pyrogallic  Acid,  Ca  HO  ?  Ce  Hs  Oj  ?  or  C«  JH4  O*  1  forms 
shining  scales  of  a  bitter  and  astringent  taste ;  fusible  at  240^, 
volatile  at  410^ .  It  is  converted  by  a  stronger  heat  into  meta^ 
gallic  acid.    It  is  fonned  from  gallic  acid,  Cr  Hi  Os,  by  the 
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loss  of  1  eq.  carbonic  acid.  If  acid  at  all,  it  is  a  veiy  feebly 
acid,  and  nothing  is  known  of  its  salts. 

MetagaUie  Add,  Ci  >  Hs  O3,  HO  ?  Co  H>  Ot  1  is  produced 
as  above  mentioned  from  tannic,  gallic,  and  pyrogaUic  adds. 
It  is  a  black  nowder,  insoluble  in  water,  soluble  in  alkalies. 
Of  its  salts  little  is  known.  It  differs  from  sallic  acid  only  by 
the  elements  of  carbonic  acid  ;  2  (Or  Ha  07)  =  2  CO^+Ci  t 
H«  O4.  From  pyrogaUic  acid  it  only  differs  by  the  elements 
of  water. 

Tannic  acid  contains  the  elements  of  gallic  and  pyrogaUic 
acids.  8  (Ci  a  Ha  Oi  >)=6  rCs  H<  06)+2  (Co  Ha  0») ;  and 
since  either  sallic  or  pyro^llic  add  may  produce  metagallic 
acid,  it  is  ooyious  that  there  is  a  close  connexion  among 
these  four  compounds.  The  precise  nature  of  this  connexion 
future  experiments  must  ascertain. 

When  an  infusion  of  nut-galls  has  been  so  long  exposed  to 
the  air,  that  all  tannic  acid  has  disappeared,  the  gallic  acid  is 
found  mixed  with  an  insoluble,  or  sparingly  soluble  powder, 
which  is  a  new  add,  elloffic  acid.  Its  composition  is  Or  Hs 
Os,  and  when  dried  at  240°  Cr  H*  O4  ;  so  that  it  is  isomeric 
witii  gallic  add,  and  with  the  modified  acid  produced  by  the 
action  of  oil  of  vitriol.  It  has  not  been  much  studied,  and  we 
do  not  know  its  actual  atomic  weight.  When  heated,  it  3delds 
greemsh-yellow  vapours,  which  condense  into  crystals  of  the 
same  colour,  insoluole  in  water,  alcohol,  or  ether ;  soluble  in 
sulfuric  acid  and  in  alkaUes. 

This  add  is  said  to  occur  in  the  root  of  Tormeniilla  vulgaris; 
and  is  also  the  chief  constituent  of  bezoar  stones,  which  are  a 
spedes  of  animal  concretion.  According  to  Mercklein  and 
Wohler,  the  add  of  bezoar  stones  is  C i «  Ha  Or  HO ;  which  is 
equal  to  twice  the  formula  of  ellagic  acid,  minus  1  eq.  of 
hydrogen,  for  2  (Co  Hr  04)=Ci 4  H4  Oo.  The  adds,  accord- 
ing to  Mercklein  and  Wohler,  are  identical,  and  their  foxmula, 
Ci«  Ha  Of,  H0=Ci4  Ha  Oa,  is  probably  correct. 

Tannic  acid,  and  the  substances  derived  from  it,  occur  in  a 
f^ood  many  plants,  besides  those  of  the  genus  quercus ;  the 
infusions  of  all  of  which  are  recognised  by  their  striking  ^ 
bluish-black  with  persalts  of  iron.  But  the  astringent  taste, 
and  the  property  of  tanning,  or  combining  with  animal  gelatine, 
are  found  m  many  plants,  such  as  cinchona,  kino,  catechu, 
pinus,  &c.  These  are  distinguished  by  giving,  with  persalts 
of  iron,  either  a  dark  green  or  a  grev  colour.  It  has  not  been 
proved  that  they  contain  tannic  acid,  but  Geiger  has  shown 
that  these  different  colours  may  occur  even  when  the  same 
tanning  prindple  is  present,  and  that  the  green  is  owing,  at 
all  events  frequently,  to  the  presence  of  free  add;  while  the 
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addition  of  chalk,  in  some  cases,  changes  the  green  to  tlie 
characteristic  bluish-black  dae  to  tannic  acid.  There  aie,  how- 
ever, some  reasons  for  admitting  more  than  one  tAtm^wg  or 
astringent  principle.  The  whole  snbject  reqniree  inyesiigatioB. 

Catediu.     Mimotannic  Add. 

When  catechu,  the  dried  extract  of  mimosa  catechu^  is  acted 
on  b^  cold  water,  it  yields  a  soluble  matter  vexy  similar  to 
tanmc  acid,  if  not  identical  with  it  when  pure.  It  is,  how- 
ever, contaminated  by  some  compound  which  causes  it  to  red- 
den when  exposed  to  air.  It  does  not  wpear  to  yield  the 
same  products  when  heated,  as  tannic  acid  does ;  but  this  is 
uncertain,  and  may  be  caused  by  the  presence  of  impurities. 
Berzelius  proposes  to  call  this  tannic  acid  mimatamdc  add^ 
from  mimosa,  to  distinguish  it  from  the  tannic  acid  of  gsilSf 
which  he  calls  quoreiUmmc  add,  from  qwrcus. 

The  portion  of  catechu  insoluble  in  cold  water  ooTitains  a 
peculiar  compound,  called  eaiechine  or  tanningenic  add.  It  is 
soluble  in  hot  water,  and  when  pure  forms  a  white  sD^crya- 
talline  powder,  which  is  said  to  be  composed  of  Cis  U«0«. 
When  heated,  it  is  said  to  be  transformed  into  (mimo  ?)  tannic 
acid.  By  the  action  of  caustic  potash  it  yields  a  black  acid, 
jajpmic  acid,  C  i «  H4  O4,  H0 1  Carbonate  of  potash  converts 
it  mto  a  red  acid,  rubinie  aMy  C 1  a  He  04(?)  in  the  anhydroos 
state.  The  hydrated  acid  is  said  to  have  the  same  composition 
as  japonic  acid,  possibly  therefore  Ci  s  He  0«  ?  ^  But  as  the 
japonic  acid,  on  Uie  same  authority,  Svanbeig,  in  combiniug 
with  silver  forms  a  salt  C94  Ha  O7,  AgO,  in  which  2  eq.  of 
the  add  have  lost  2  eq.  of  water  and  gained  only  1  eq.  oxide 
of  silver,  it  is  evident  that  our  knowledge  of  these  compounds 
is  very  imperfect 

7.  Mcconic  Add.    Ci*  HOii,  8H0  =  Me,  3HO. 

A  tribasic  add,  found  only  in  opium,  the  dried  juice  of 
papaver  somnifmim.  To  prepare  it,  the  crude  meccmate  of 
lime,  obtained  in  the  manufiEu;ture  of  muriate  of  morphia,  is 
mixed  with  20  parts  of  boiling  water,  and  3  parta  of  stxong 
hydrochloric  acid  added  to  the  mixture,  whi<»i  must  be  re- 
moved from  the  fire,  and  not  boiled  after  the  acid  has  bees 
added.  On  cooling,  add  meconate  of  lime  is  deposited  in 
shining  crystals,  vHuch  are  collected  on  a  cloth  filter,  sqneesed, 
and  treated  a  second  time  with  the  same  quantities  of  add  and 
hot  water.  The  strained  acid  liquid  contains  a  ]ai|pe  bat 
variable  proportion  of  sulphate  of  lime,  always  present,  some- 
times even  to  the  extent  of  -f  or  4  in  the  crude  meconate  of 
lime.  Hence  the  advantage  of  using  so  much  hydrochloric 
add,  which  also  renders  the  meconic  add  less  soluble.    This 
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time  the  crystalB  are  meconie  acid,  still  mneh  coloured.  They 
are  collected  and  squeezed  as  before,  and  to  make  sure  that  all 
lime  is  remoYed,  a  third  time  dissolved  in  20  parts  of  hot 
mrater  and  2  of  hydrochloric  acid.  The  addition  of  the  acid 
not  only  removes  the  last  traces  of  lime,  but  causes  the  meconie 
acid  to  crystallise  almost  entirely  out  of  the  liquid,  it  being 
nearly  insoluble  in  diluted  acid.  The  crystals,  washed  with  a 
little  cold  water,  and  dried  at  the  ordinary  temperature,  are 
now  pure  from  everything  but  colouiing  matter,  and  when 
Heated  to  redness  leave  no  residue. 

To  get  rid  of  the  colour,  the  crystals  are  now  mixed  with 
warm  water,  and  caustic  potash  gradually  added,  so  as  nearly 
but  not  quite  to  neutralise  the  acid.  As  soon  as  the  point  of 
neutralisation  is  reached,  the  reddish  colour  chances  to  green, 
and  so  much  potash  must  be  added  that  any  farther  quantity 
would  produce  the  green  colour.  The  whole  is  then  heated  in 
the  water  bath,  till  all  is  dissolved,  hot  water  being  added,  if 
necessary.  (Were  the  potash  now  in  excess,  the  whole  acid 
would  he  decomposed  into  oxalic  and  carbonic  acids.)    On 

cooling,the  meconate  of  potash,  ^®  >  u  n  >  crystallises,  forming 

a  semi-solid  mass,  which  is  to  be  squeezed  out.  The  colour  is 
carried  o£P  for  the  most  part  in  the  mother  liquor,  which  is  very 
dark,  and  the  squeezed  salt,  after  a  second,  or  if  necessary  a 
third,  solution  in  hot  water,  ciystallisation,  and  squeezing,  is 
snow-white.  This  purified  meconate  of  potash  is  then  acted  on 
by  pure  hydrochloric  acid,  exactly  as  recommended  for  the 
meconate  of  lime,  and  after  the  third  operation  yields  perfectly 
pure  and  white  meconie  acid  in  beantiral  silvery  scales,  which, 
to  remove  any  traces  of  the  acid  mother  liquid  adhering  to 
them,  may  be  once  more  dissolved  in  the  smallest  possible 
quantity  of  hot  watery  avoiding  a  heat  of  212°,  which  decom- 
poses the  acid ;  the  pure  acid  is  deposited  on  cooling,  as  Me, 
3HO-h6aq. 

Meconie  acid,  when  gently  heated,  loses  6  eq.  of  water  of  crys- 
tallisation. It  is  soluble  in  water  and  in  idcohol.  When  boiled, 
its  solution  becomes  coloured,  producing  comenic  acid,  carbonic 
acid,  and  a  dark-brown  colouring  matter.  If  boiled  with  hydro- 
chloric acid,  it  is  resolved  into  comenic  acid  and  carbonic  acid, 
without  the  production  of  colouring  matter.  When  the  dry  acid 
is  heated  to  250**,  the  same  change  takes  place.  When  heated 
with  excess  of  aqua  potasses,  meconie  acid  is  entirely  decom- 
posed into  oxalic  acid,  carbonic  acid,  and  a  dark  colouring 
matter.  Its  distinguisning  character  is  that  of  causing,  in 
persalts  of  iron,  a  deep  bl(^-red  colour,  but  no  precipitate. 
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It  fonils  three  series  of  salts,  like  other  tribasTc  acids.  Tlnis, 
there  are  three  meconates  of  potash :,  1.  acid,  Me,  )  o  fj  O ' 

%  Neutral,  above  mentioned,  Me  <  ri  q     aq.    Both  of  these 

ciystallise.  3.  tribasic,  Me,  3  KO.  This  is  yellow,  and  does 
not  crystallise.  There  are  also  three  meconates  of  soda ;  two 
of  lime,  acid  and  neutral  or  bibasic,  and  two  of  silyer,  bibaaic 
Me,  2  AgO,  HO,  and  tribasic  Me,  3  AgO.  The  meconate  of 
peroxide  of  iron  is  very  soluble,  of  an  intense  blood-red  colour, 
but  as  it  cannot  be  obtained  pure  or  crystallised;  its  composition 
is  still  unknown. 

8.  Comenic  Acid.    GiflH208,2HO  =  Co,2 HO. 

This  acid  is  formed  as  above  described,  from  meconic  add  by 
the  action  of  heat,  or  of  heat  and  an  acid  combined.  1  eq.  dried 
meconic  acid,  Ci«  HOi>  +3  H0  =  Ci4  H4  Oi  4,  yields  1  eq. 
comenic  add,  Ci «  H«  Os,  2  H  0,  and  2  eq.  carbonic  acid,  2  CO  2. 
The  acid  is  readily  obtained  by  boiling  meconate  of  lime  with 
an  excess  of  diluted  hydrochlonc  add.  It  is  deposited  on  cooling 
in  coloured  crystals,  which  may  be  decolorised  by  recrystallisB- 
tion  with  the  aid  of  animal  charcoal.  The  pure  add  has  a  slight 
yellow  tin^e,  and  is  very  sparingly  soluble  in  cold  water.  When 
heated,  it  is  resolved  into  carbonic  acid,  pyromeconic  acid,  and 
a  small  quantity  of  a  third  substance, />ara<?omMtc  aeu^.  which, 
in  some  few  points,  differs  from  comenic  acid,  but  has  tiie  same 
composition,  and  in  many  points  is  so  similar  that  it  may  poe* 
sibly  turn  out  to  be  essentially  the  same. 

domenic  acid  forms  two  series  of  salts,  with  1  and  2  eq.  of 
fixed  base  respectively.  With  persalts  of  iron  it  forms  a  deep 
red  solution  which  deposits  black  crystals  of  unknown  com- 
position. 

Pyrvmeconic  Acid,  Cio  Ha  0«,H0,i8  obtained  as  a  cryatal- 
line  sublimate  by  heating  meconic  or  comenic  acids.  In  fiact 
1  eq.  comenic  acid,  Ci  9  H«  Oi  0,  contains  the  elements  of  1  eq. 
pyromeconic  acid,  Ci  0  H«  O0,  and  2eq.  carbonic  acid,  2C0«. 
It  forms  very  soluble  four-sided  prisms^  rather  styptic  to  the 
taste ;  the  solution  of  which  forms  with  persalts  of  iron  a 
crystalline  salt  of  a  fine  red  colour,  the  powder  of  which  is  like 
vermilion.  This  salt  isFosOs  -h3CioH«Os.  Pyromeconic 
acid  is  so  feeble  an  acid,  that  we  can  hardly  class  it  with  adds. 
It  has  more  analogy  with  such  bodies  as  acetone,  derived  from 
acetic  acid,  as  pyromeconic  acid  is  from  meconic  or  comenic 
acid.    It  has  the  same  composition  as  pyromucic  acid. 
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'  d/ Kime  Add.  Or  H^  O4,  2H0?  or  Ci4  Hix  dii^HOP 
This  yeiy  remarkable  acid  occurs  in  cinchona  hark.  It  is 
obtained  in  the  mannfactnre  of  sulphate  of  quinine,  in  the  form 
of  kinate  of  lime,  from  which  the  lime  is  easily  separated  by 
means  of  oxalic  acid*.  The  liquid  filtered  from  the  oxalate  of 
lime  3rield8.  on  evaporation,  the  kinic  acid  in  crystals.  The  lime 
may  also  oe  removed  by  sulphuric  acid,  and  any  adhering 
sulphate  of  lime  separated  by  alcohol. 

The  salts  of  kinic  acid  are  somewhat  anomalous.  Thus  there 
is  a  salt  of  lead,  Gr  H4  O4  2  PbO,  and  a  salt  of  copper,  Or  H4 
0«,  CuO,  HO,  while  the  crystals  of  kinic  acid  are  Or  Hs  Oa. 
All  this  would  lead  to  the  conclusion  that^the  acid  was  abibasic 
one,  Cr  H40«,2H6.  But  the  kinato  of  lime,  and  the  kinate 
of  ffllver,  both  quite  neutral  salts,  are  C 1 «  H 1 1  0 1 1 ,  CaO,  and 
Ci  4  H 1 1  Oil,  AgO^  as  if  the  acid  were  monobasic,  Ci  4  H 1 1 
0ti,H0  =  Ci4  Hi»  O19.'  Ifweassumetheacidtobe^uadri- 
basic,  .we  can  then  bring  all  the  above  salts  into  one  senes. 

Thuf/— Kinic  add  would  be        .     Ci4  Hs  Os,  4  H  O 
Kinate  of  lead   •    '   .'   .    Ci4H8  08»4PbO 

Kinate  of  copper    .     •.    Ci4H8  08,|2ho 

Kinate  of  lime       .        .    Ci4  Ha  Oa,|  3  ^q  +  10  aq. 

Kinate  of  silver  .    .    Gi4  Hs  0«,«<  »  ^q 

But  the  objection  to  this  view  is  that,  if  this  be  the  true  con- 
stitution of  the  2Ccid,  the  salts  of  lime  and  silver  ought  to  be 
veiy  acidy  instead  of  being  quite  neutral. 

PRODtJCTS  OF  THS  DECOMPOSITION  OF  KtMIC  ACID. 

When  kinic  acid  or  kinate  of  lime  is  distilled  with  diluted 
sulphuric  acid  and  peroxide  of  manfi^mese,  there  is  obtained  a 
new  compound  called  Hnone,  as  a  subumate  of  fine  golden  yellow 
ciystals,  soluble  in  water,  and  vei^  volatile^  having  a  pungent 
smell  in  the  state  of  vapour.  Their  composition  isCssHsOs. 
When  acted  on  by  reducing  agents,  it  takes  up  2  and  4  eq.  of 
hydrogen,  forming  two  new  compounds,  ereen  and  white  hydro- 
kmone.  Theorem  hydrokinone,  C«5Hio08,is  one  of  the 
most  beautifal  compounds  known  to  chemists,  forming  long 
prisms  of  the  most  brilliant  gold-green  metallic  lustre,  sur- 
passing those  of  mure^de  in  beauty.  It  is  best  formed  by  adding 
a  few  drops  of  sulphurous  acid  to  a  solution  of  kinone.  When 
an  excess  of  sulpnurous  acid  is  used,  the  tchife  J^droHnoM, 
Cts  Hi  t  Os,  is  formed j  which  crystallises  in  six-sided  prisms. 
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When  acted  on  by  oxidising  agents,  Hie  selntion  of  wbite  h^dro- 
kinone  becomes  dark-red,  nearly  black,  and  almost  immediately 
deposits  the  snlendid  cxTstals  of  the  men  compounds  The  latter 
is  also  formea  hj  simplj  mixing  solutions  of  Idnone  and  white 
hydrokinone,  being  intennediate  in  composition  between  those 
bodies.  Wohler,  to  whom  we  are  indebted  for  most  of  our 
knowledge  in  rc^^aid  to  these  veiy  carious  compounds,  has 
described  a  series  of  bodies  obtained  from  the  above  by  the 
action  of  hydrocMoric  acid,  chlorine,  and  sulphuretted  hydrog^i. 
The  following  tabular  view  contains  the  names  and  composition 
of  these  substances,  as  far  as  we 

Kinono     .         •        •        . 
Green  hydrokinone        • 
White  hjdrokinone    • 

Chlorohydrokinone 


Chlorokinone    • 

Brown  Bulphobydrokinone 

Yellow        ditto 

Brown  CUorosnlpliokinone 


yet  know  them. 

Caft  He  0« 

Cfls  Hio  Oa 

C8«  Hift  Os 

C.  jH-  O. 

GaA  Hii  Of  34 

Cas  His  Ot  8» 

G8«  He    a08S4? 


Onng«        ditto        •        •        •    Cas         He    CI  Oe  S4? 

It  will  be  observed,  that  in  all  these  formuhe  the  caibon 
remains  unaltered,  ana  that  several  are  instances  of  pure  sub- 

QY   Osy  and 

Css  Hi  »  Os,  compared  with  C^s  j  qV  "  Oa.  We  can  also  see 

the  relation  of  the  su^hohydrokinones  to  kinone  if  we  express 

them  as  follows  :-Ca«  Ha  |  g '  +  3  HS ;  and  Caa  Ha  J  ^' 

-h4HS. 

We  now  come  to  a  class  of  acids  of  very  distinct  and  peculiar 
characters ;  those,  namely,  which  occur  as  the  chief  constituents 
of  fat  oils  and  fats,  vegetable  or  animal.  Of  these  oily  acids 
there  are  two  kinds :  1.  those  which  are  volatile,  andusu^y 
somewhat  soluble  in  water;  2.  those  which  have  more  the  cha- 
racter of  the  oils  and  fats  from  which  they  are  derived,  and  can 
seldom  be  distilled  without  decompo^tion.  We  shall  b^in 
with  the  volatile  oily  acids. 

4     10.  Butyric  Acid.    Ca  H?  Oa,  HO. 
This  acid  exists  in  small  proportion  in  butter,  in  the  form  of 
a  neutral  bufyrate  <^ glycerifle,  or  lni^^rin$,U>  which  the  butter 
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owes  its  peculiar  and  agreeable  flavonr.  When  butter  is  saponi- 
fied b^  potash,  and  the  solution  of  the  soap  is  decomposed  by 
taitane  acid,  the  oleic  and  nuuigaric  acids  are  separated  as  an 
oily  stmtnm,  while  three  or  four  volatile  adds  are  dissolved  in 
the  water.  These  are  butyric,  caproic,  capric,  and  capiylic  acids. 
The  butyric  acid  maybe  extracted  from  the  mixture ;  but  it  is 
&r  better  obtained  by  the  fermentation  of  sugar.  When  sugar, 
either  cane,  grape,  or  milk  sugar,  is  mixed  with  cheese,  water, 
and  chalk,  and  kepjt  in  a  wann  place,  lactic  acid  is  at  first 
formed,  which  combines  with  the  lime.  But  if  the  fermentation 
be  continued  at  a  prettj^  high  temperature,  90**  to  100^  for ' 
example,  the  lactate  of  bme  disappears,  and  is  at  last  replaced 
by  butyrate  of  lime,  as  explained  under  the  head  of  butyric 
fermentation.  This  salt  is  now  distilled  with  diluted  hydro- 
diioiic  acid,  and  the  distilled  liquid  treated  with  chloride  of 
calcium,  when  it  divides  into  two  strata.  Hie  lighter  is  butyric 
acid,  still  containing  water.  It  is  rectified  until  the  boiling 
point  rises  to  SIS'*.  The  previous  portions  contain  water; 
what  now  passes  is  pure. 

Bensoh  recommends  to  convert  the  butyrate  of  lime,  by  the 
addition  of  carbonate  of  soda,  into  butyrate  of  soda,  and  to  mix 
the  solution  of  this  salt  with  sulphuric  acid  diluted  with  an 
equal  weight  of  water,  when  the  greater  part  of  the  crude 
butyric  aad  rises  to  the  surface,  and  may  be  removed  by  a 
pipette.  The  add  solution  of  sulphate  of  soda,  being  distilled, 
yields  an  additional  quantity  of  diluted  butyric  add,  which  is 
saturated  with  soda,  and  the  salt  decomposed  by  sulphuric 
add,  which  yields  a  second  portion  of  crude  butvric  acid*  The 
whole  of  the  crude  add  is  now  purified  by  rectification. 

It  is  a  clear,  colourless,  mobile  liquid  oi  an  odour  resembling 
that  of  acetic  add  and  that  of  butter.  An  intense  cold  solidifies 
it.  It  is  very  add  and  cotiosive.  Its  Sp.  G.  is  0*963.  It  dis- 
solves fats  and  fat  oils. 

Chlorine  decomposes  butyric  add,  producing  by  substitution 

two  adds,  C.   |  qj'^O  j,  H  0 ;  and  C.  |  q^Oj,  H  O.  The  latter 

er^^flitalliBes ;  and  both  form  volatUe  na^rant  compounds  with 
oxide  of  ethyle. 

Butyrate  tfUme  is  remarkable  as  being  very  soluble  in  cold 
water,  but  separating  from  the  liquid  in  transparent  prisms 
when  it  is  boiled.  BfOyrfOe  cf  bofyta,  when  placed  on  the 
snrfaoe  of  water,  exhibits  the  same  motions  aa  camphor. 
Bu^^raU  of  oxide  cf  ethyle  or  butyric  ether,  Ae  0,  Cs  Hr  Os, 
is  formed  with  singular  mcility  by  the  mere  mixture  of  alcohol 
and  butyric  add  with  water  and  sulphuric  acid.    It  rises  to 
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the  snifi&ce  m  a  veiy  mobile  liquid  of  an  odonr  aomeiviiat 
similar  to  that  of  pine-apples.  It  is  veiy  soluble  in  aloohol« 
This  ether  is  employed  to  flayonr  spirits :  and  there  ia  reaaoB 
to  belieye  that  the  peculiar  flayour  of  rom  depends  on  the 
presence  of  a  little  butyric  ether.  ButyraU  of  oxide  of  mdkyU 
IS  quite  analogous.  Bu^raU  of  oxide  ofgl^onyU  or  BuXjfrme 
exists  in  butter,  and  is  supposed  to  be  capable  of  being  fonned 
artificially^  by  warminc  a  mixture  of  butjnric  add,  dyceiine, 
and  sulphuric  acid.  If  the  oil  thus  formed  is  really  butyiine, 
it  will  be  the  first  example  of  a  compound  of  glycerine  formed 
or  reproduced  artificially* 

BfAyramde^  CaHrOf4-NH>is  fonned  when  liquid  ammcH 
nia  acts  on  butyric  ether.  Ae  0,  C»  Hr  Oj +N  H«  =  Ae  O, 
H  0+Ca  Hr  Os,  N  H«*    It  ciystallises  in  pearly sodes. 

£uilyrone,  Cr  tir  0,  analogous  to  acetone^  is  formed  along 
with  carbonate  of  lime,  when  butyrate  of  lime  is  distilled.  €• 
Hr  0*y  CaO=C7  HrO+CaO,  C0»«  By  the  action  of  nitric 
add,  butyrone  is  conyerted  into  two  new  compounds;  one,  an 
ethereal  fragrant  liquid,  lichter  than  water,  the  compodtion  of 
which  is  not  yet  known :  Uie  other,  an  oily  liquid,  heayier  than, 
water,  of  an  aromatic  smell  and  a  sweet  taste,  which  is  an  add, 
nitrobufyrie  or  btUyromhie  add.    It  is  formed  by  substitution 

of  NO*  for  H;  Cr  I  JJ^^  O,  2  H  0  from  Cr  Hy  O.    It  forms 

Ztallisable  salts,  and  is  bibadc,  yielding  two  salts  with  oxide 
Iyer,  with  1  and  8  eq.  of  that  oxide  respectiyely. 
By  distillation  with  perchloride  of  phosphwus,  butyrone  is 
conye]:ted  into  an  ethereal  liauid,  chlorobutjrrene,  the  compo* 
dtion  of  which  is  Ci  >«  H  ■  j  CI. 

The  caproic,  capric  and  caprylic  acids  found  in  butter,  are 
yeiy  analogous  to  butyric  add,  but  are  not  yet  so  well  known. 
Caproic  acid  is  Ci >  fin  Os,  H  O.  Its  odour  is  like  that  of 
sweat.  Caproate  of  oxide  of  etf^le  has  an  odonr  somewhat 
analogous.to  that  of  butter.  Capric  acid  is  C  «o  H&  9  O3,  HO. 
It  is  yery  analogous  to  the  prec^ug,  but  its  odour  is  more  like 
that  of  the  goat..  jCaprylic  acid  is  Ci e  His  O3,  HO,  and  it  is 
yery  analo^us  to  the  others. 

U  occasionally  happens  that  butter,  instead  of  yielding  a 
mixture  of  yolatile  oily  adds,  of  which  butjric  and  capnnc 
acid  constitute  the  prindpal  part,  dyes  a  mixture  deyoid  of 
these  acids,  but  containing  in  tneir  place  another  acid,  yacdnic 
acid,  which  is  easily  transformed  into  the  other  two.  There 
can  be  no  doubt  that  it  contains  tiie  elements  of  butyric  and 
caproicapids»CeH70*>HO!i-CitHiiO«,HO:=CfoHtoOs» 
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of  ponibly  Cto  Hi9  07=r  C«oHi«Oo,HO.  In  the  latter 
case,  it  would  require  1  eq.  of  water  to  yield  the  other  acids. 
Afl,  however,  the  solution  remains  neutral  when  vaccinic  acid 
passes  into  caproic  and  butyric  acids,  it  is  most  probably  bibasic, 
G* o  Has  Oa,  2  H 0,  and  is,  in  fact,  the  sum  of  the  other  two. 
The  cause  of  its  occurrence  is  unknown. 

Omanthylic  Aeidf  C  >  4  H  i  a  Oj  ,  H  0,  is  formed  by  the  action 
of  nitric  acid  on  castor  oil,  and  has  lately  been  detected  by 
Bedtenbacher  among  the  products  of  the  action  of  nitric  acid 
on  oleic  acid,  along  with  acetic,  metacetonic,  butyric,  valeri- 
anic, caproic,  capiy  Be,  pelaigonic  and  capric  acids,  all  belonging 
to  the  series  represented  as  hydrates  by  (C  H)  n  +  O4,  of  which 
a  table  has  been  given  at  p.  260. 

This  acid,  in  composition,  as  well  as  in  properties,  is  exactly 
intennediate  between  caproic  and  capiylic  acids. 

Omanihole.  According  to  Buss^r,  when  castor  oil  is  distilled, 
theie  is  formed  a  neutral  oil,  which  he  calls  oenanthole,  the 
fonnola  of  which  is  C 1 4  H 1 «  0,  H  0,  and  which  bears  to  oBnan-' 
thylic  acid  the  same  relation  as  aldehyde  to  acetic  add.  It 
may  also  be  viewed,  doubling  its  formula,  as  a  compound  of 
oenaathylic  acid  with  the  oxide  Ci  4  Hi  <  0,  (analogous  to  oxide 
of  ethyle),  and  in  this  view  it  corresponds  to  acetic  ether, 
which  is  polymeric  with  aldehyde ;  thus,  2Ci4Hi«0,  HO 
ssCi 4  Hi s  0+Ci  4  Hi  3  Oj.  Cetine  (spermaceti)  is  an  ana- 
logous compound,  being  either,  as  formerly  explained,  cetylate 
of^oxide  of  cetyle,  Cs*  Has  0-f  Ca*  Hat  Oa,  or  Cav  Hai  O, 
HO,  analogous  to  aldehyde.  In  the  cases  of  oenanthole  and 
cetine,  as  only  one  compound  is  known,  we  cannot  with  cer- 
tainty say  whether  the  known  compound  corresponds  to  alde- 
hyde or  to  acetic  ether ;  but  it  is  highly  probable  that  in  the 
case  of  all  the  acids  of  the  series  (C  H)  n4-  0«,  both  the  com- 
pound analogous  to  aldehyde,  and  that  analogous  to  acetic 
ether,  are  capable  of  existing.  The  following  comparison  will 
ahow  the  analogy  : — 

Adds.  Aldehydes.  Ethers. 

AceUc        C4   Ha   0«,H0;C4  Ha   0,H0;C4   H5  O,  C4  H;  Oa; 
Oenanthr  lc»4Hi80a,H0;  Ci4Hia0,H0l  Ci4Hi«0,  C14HJ8O8? 
y"*^      J  Oenanthole. 

Cetvlic       Ca8Hai08,H0;C8BHaiO,H0?C88Ha80,C8sHsx03? 

Cetine. 

It  vriU  be  observed,  that  the  compounds  in  the  second  and 
third  colnmns  are^  in  each  case,  polymeric. 
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Pelargonic  Add^  Cis  Hir  0«  HO.  This  acid,  whidi 
belongs  to  the  series  above  mentioned,  and  stands  between 
caprylic  and  capric  acids,  is  said  to  oocor  in  the  jnice  of 
Pelargonium  rateum,  and  was  found  hj  Redtenbacher  among 
the  products  of  the  oxidation  of  oleic  acid  bj  nitric  acid.  It  is 
little  known. 

Hircie  Acid  is  probablj  a  mixture  of  capric  and  capiylic 
acids.  Phocenic  aad^  found  in  small  quantity  in  the  oil  of  the 
dolphin,  &c.,  has  been  found  to  be  identical  with  yaleriaoic 
acid. 

CevadieAcid  is  a  crystalline  Tolatile  acid,  obtained  from 
the  seeds  of  VerairumtabadiUa:  composition  unknown. 

VeraCric  Acid  is  contained  in  the  same  seeds.  It  is  stlid, 
crystallisable,  and  volatile.  Its  formula  is  CisHsOr,  HO. 
It  forms  a  crystalline  ether  with  oxide  of  ethyle ;  AeO,  Ci« 
H9O7. 

Crotonic  Acid  is  another  solid  volatile  add,  found  in  the 
seeds  of  Crotan  tiglium.  It  has  a  pung^it,  acrid  taste,  ard  a 
nauseous  smell.    It  forms  crystallisable  salts. 

11.  Cunphoric  Acid.  CioHr  Ot,HO  =  Ga,  HO. 
This  acid  is  formed  by  the  action  of  nitric  acid  on  camphor. 
It  forms  crystalline  scales,  sparingly  soluble  in  cold  water,  very 
soluble  in  alcohol  and  ether,  fuuble  at  168^.  These  are  the 
hydrated  acid,  which,  if  distilled,  is  resolved  into  water  and 
anhydrous  camphoric  add.  The  camphorates  are  not  peculiarly 
interesting.  With  oxide  of  ethyle,  camphoric  acid  roims  two 
compounds :  1.  neutral,  or  camphoric  ether,  Ca,  AeO,  an  oily 
liquid,  of  a  bitter  taste  and  nauseous  smell.  2.  add,  2  Ca, 
AeO,  HO,  aho  called  camphovinic  acid,  as  it  forms  double 
salts,  2  Ca,  AeO,  MO.  When  chlorine  acts  on  camphoric  ether, 

1X3 

Ca,  C4  Hi  0,  it  gives  rise  to  the  compound  Ca^  C«  <  n{  0. 

Anhydrous  camphoric  Acid,  Ci  0  Hr  O3,  forms,  with  bases, 
salts  different  from  those  formed  by  the  hydrated  acid.  It  is 
probable  that  it  still  retains  some  water  replaceable  by  bases, 
being  perhaps  Ci 0  Hs  0*,  HO  ;  or  it  may  differ  from  ordinary 
camphoric  add  as  metaphosphoric  acid  does  from  common 
phosphoric  acid.  It  is  solid,  crystalline,  and  volatile,  and  with 
dry  ammonia  forms  a  compound  from  which  potash  disengages 
no  ammonia:  with  liqnia  ammonia  it  yields  a  salt  different 
from  camphorate  of  ammonia.  Its  action  on  oxide  of  ethyle 
has  not  been  studied ;  but  the  subject  deserves  investigation. 
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By  the  action  of  sulphuric  add  on  anhydrona  cami>horic 
acid,  there  is  fonned,  with  disengagement  of  carbonic  oxide,  a 
new  acid,  sulphocampharic  acid  (Cs  Hr  Oa.  SOi)  HO +2  aq. 
This  acid  is  crvstallisable,  and  forms  crystallisable  salts  of  the 
formula  (C»  H7  Oj,  80*)  MOsCs  Hr  SOs,  MO. 

CAMPHOR. 

There  are  two  kinds  of  camphor :  that  of  Japan,  or  common 
camphor,  Ci  0  H«  0  ;  and  that  of  Borneo,  Ci  o  II9  0,  or  do 
Hi  s  0».  The  properties  of  common  camphor,  and  its  peculiar 
smell,  are  well  known.  Its  Sp.  G.  is  0*985  to  0'996 ;  it  is 
▼ery  yolatile,  evaporating  at  ordinary  temperatures.  Small 
fin^ents  of  camphor,  on  the  surface  of  water,  eyaporate  more 
rapidly,  with  rotatory  moyements.  It  dissolves  in  alcohol, 
and  in  precipitated  b^  water.  When  distilled  with  anhydrous 
phosphoric  acid,  it  yields  a  carbo-hydrogen,  called  campnogen, 
C»oHi4. 

When  camphor  is  passed  in  vapour  over  a  heated  mixture 
of  hydrates  of  potash  and  lime,  it  yields  a  new  acid,  camphoUc 
aeia,  C*  o  H  >  7  Os,  HO.  Nitric  acid,  with  the  aid  of  heat,  con- 
verts camphor  into  camphoric  acid.  The  essence  or  ail  of  cam- 
phor of  commerce  is  C90  Hi  0  0=2  eq.  camphor  mtnttf  1  eq. 
oxygen. 

Borneo  camphor  occurs  in  small  crystalline  fragments.  Its 
odour  is  different  from  that  of  common  camphor.  I  find  that, 
if  wrapped  in  paper,  a  distinctly  alliaceous  odour  traverses  the 
paper,  and  may  thus  be  detected.  Heated  with  i>hosphoric 
acid,  it  yields  a  carbo-hydrogen,  Cs  o  H 1 0  ;  and  this  is  also  the 
composition  of  the  essence  which  accompanies  Borneo  cam- 
phor. This  essence  is,  therefore,  Borneo  camphor^  C90  His 
O9,  minus  2  eq.  water. 

Common  camphor  is  produced  by  ihe  Laurus  camphora; 
Borneo  camphor  is  the  produce  of  JDryobalanopa  camphoray  and 
is,  for  some  unknown  reason,  so  highly  prized  by  the  Japanese, 
that  it  is  not  found  in  the  markets  of  Europe. 

Camphogm^  do  Hi  4,  is  the  name  given  to  the  carbo-hydro- 
gen obtained  when  common  camphor  is  distilled  with  dry 
phosphoric  acid.  It  occurs  naturally  in  the  oil  of  cumin. 
When  acted  on  by  sulphuric  acid,  it  forms  a  new  acid,  tulpho- 
eamvhie  or  hyposulphtiamphie  acid,  C» 0  Hi  j  St  Os,  HO. 

When  camphor  is  passed  over  red-hot  lime,  another  new 
compound  is  formed,  namely,  camphrone,  Cs  0  Hf  1  0=3  (Ci  o 
H«0)<^Hj+0«.  At  a  white  heat  camphor  yields  naph- 
thaline, carburetted  hydrogen,  and  carbonic  oxide.  4  ea.  cam- 
phor contain  the  elements  (C40  Ha*  O4)  of  1  eq.  naphtWine, 
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C*o  Hs ;  olefiant  gas,  2  C4  H4  ;  manh  gas,  6  C  H  ;  and  car- 
bonic oxide,  4  CO. 

12.  Valerianic  Add.     G 1  o  H9  Oa,  HO  =  Va,  HO. 

This  acid  has  already  been  mentioned  as  produced  from 
hydrated  oxide  of  amyle.  It  also  occurs  in  the  root  of 
valerian.    It  forms  two  hydrates,  Va,  HO,  and  Va,  HO +2  aq. 

The  general  formula  of  the  valerates  is  Va,  MO.  VcUerate 
of  oxide  ofethyUy  Va,  AeO,  is  an  oily  liquid,  of  a  smell  like 
that  of  fruits  and  that  of  valerian  at  the  same  time. 

By  the  action  of  chlorine,  valerianic  acid  yields  two  new 

acidB :  1.  Ckhrovalerisie  acid,  C.  o.  j  ^^^  O3,  HO.    2.  <M^ 

fH 
Qi^   Oj,  HO.    Both  these  compounds 

are  formed  by  substitution  without  change  of  type. 

When  valerate  of  lime  is  distilled,  it  is  said  by  Lowig  to 
yield  a  volatile  oily  compound,  valerone,  Cs  Hs  0=Gio  H» 
O3— CO.. 

13.  AniricAcid.     Gi«H«Oa,HO. 

This  acid  is  obtained  when  the  concrete  essence  of  anise- 
seed  is  acted  on  bv  nitric  acid.  It  is  ciystallisable  and  volatile, 
and  forms  salts  which  crystallise  readily.  When  heated  with 
an  excess  of  baryta,  it  3delds  an  oil^  liquid,  called  anisoie. 

The  prolonged  action  of  nitric  acid  on  the  concrete  essence  of 
anise  produces  another  acid,  nitro^nisic  acid,  in  small  yellow 

crystals.  Its  formula  is  Ci «  Hs  NO9,  HO  =  Cm  J  j^q^  Os, 

HO.  It  is  now  found  to  be  identical  with  nitrodraconic  acid. 
Anisoie,  the  product  formed  when  anisic  acid  is  heated  with 
baryta,  is  composed  of  C 1 «  H»Off=Ci«  Ho  Os,  HO — 2  CO*. 
It  is  formed,  also,  when  the  salicylate  of  oxide  of  methyle  is 
heated  with  bajryta.  By  the'  action  of  bromine,  anisoie  gives 
rise  to  two  new  products,  in  which  I  and  2  eq.  of  hydrogen  are 

fH  (  H 

g"  Of  and  Ci 4  I  j>* 

O9.  The  latter  is  crystalline.  Nitric  acid  acts  violently  on 
anisoie,  forming  a  crystalline  mass,  which  dissolves  in  alcohol, 
with  a  rich  green  colour,  but  is  deposited  in  colourless  needles, 
corresponding  to  one  of  the  bromine  compounds.  Fuming  sul- 
phuric acid  dissolves  anisoie,  producing  two  compounds  ;  one, 
insoluble  in  water,  analogous  to  sulphobenzine :  the  other, 
soluble,  an  acid  analogous  to  sulphovinic  add.  2S0s+-Ci<i 
H7  0.,H0. 
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AniBole,  Ci  4  Hr  0»,  contams  1  eq.  of  hydrogen  more  than 
hydoiet  of  benzoyle,  C 1 4  Hs  O t^  H. 


14.  (Enanthic  Add.    C 1 4  H 1  •  Oa,  H  0. 

This  add^  in  combination  with  oxide  of  ethyle,  forming 
cenanthic  ether,  is  found  in  wine,  in  the  oil  of  grain  spirit,  and 
in  some  other  fermented  liquors.  It  is,  as  oenanthic  ether,  the 
cause  of  that  peculiar  odour  of  wine  which  adheres  so  remark- 
ably to  vessels  in  which  wine  has  been  kept,  and  enables  us  at 
once  to  say  that  an  empty  bottle  or  cask  has  contained  wine. 
To  obtain  the  acid,  the  euer  is  decomposed  by  caustic  potash^ 
and  the  oenanthate  of  potash  distilled  with  dilute  sulphuric 
acid.  The  h^rdrated  acid  is  semisolid  like  butter,  and  is,  in 
fact,  a  fat  oil,  insoluble  in  water,  soluble  in  alcohol  and  ether. 

Of  its  salts,  the  cmanthate  of  oxide  ofeifyle,  osnanthic  ether/ 
is  best  known.  It  is  a  colourless  liquid,  of  a  peculiar  vinous 
smell,  which,  when  strong,  has  a  stupifying  effect  When 
hydiated  oenanthic  acid  is  distilled,  it  yields  water,  and  anhy- 
drous acid,  more  solid  than  the  hydrate. 

15.  Roccellic  Acid.    CifHi5  0»,H0? 

This  acid  occurs  in  RoceUa  tinetoria.  It  is  crystallisable, 
insoluble  in  water,  soluble  in  alcohol  and  ether.  It  has  most 
of  the  properties  of  a  fat  acid^  and  its  salts  with  the  alkalies 
resemble  soaps. 

16.  Cuminic  Add.    Cao  Hi  1  Ob, HO. 

This  acid  is  formed  from  the  essential  oil  of  cumin  by  onda- 
tion  with  hydrated  alkalies.  It  forms  tabular  crystals  of  sin- 
golar  beauty.  It  is  fusible  and  volatile,  insoluble  in  cold  water,', 
soluble  in  alcohol  and  ether.  When  heated  with  caustic  baryta, 
it  yields  a  carbo-hydrogen,  analogous  to  benzole,  which  is  called 


It  forms  well-defined  salts  with  bases.  Cuminate  of  oxide 
of  ethyle,  formed  by  passing  hydrochloric  acid  gas  through  a 
solution  of  cuminic  acid  in  alcohol,  is  an  ethereal  liquid,  of  a 
fnmrant  smell  like  that  of  apples. 

tkmene,  obtained  by  heatmg  cuminic  acid  with  baryta,  is  a 
colourless  liquid  of  a  sweet  smell.  It  is  formed  from  cuminic 
add,  CtoHit04,  by  the  loss  of  2  eq.  carbonic  acid,  exactly  as 
benzole  is  formed  from  benzoic  acid ;  and  its  formula  is  conse- 
auently  Ci  ■  H 1 9.  Both  nitric  and  sulphuric  acid  act  on  it  and 
lorm  new  compounds,  not  yet  fully  examined.  That  formed 
hj  sulphuric  acid  is  an  acid,  sulphocuminic  acid,  CisHu, 
8«0s-fH0« 
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Essence  of  cunin  (Oumimtm  qfrnmrnn)  contains  two  oils :  1. 
Cominole,  G«o  Hi  i  Ot^  which  is  the  trae  oil  of  cnmin,  analo- 
gous to  hydoiet  of  benzoyle;  2.  Cjmene.  Cto  Hi4,  isomeric 
with  camphogen.  It  is  an  oil  of  an  agreeable  odonr  of  lemons. 
The  oil  is  acted  on  by  nitric  and  sulphuric  acids,  which  pro- 
dace  two  new  acids.  That  formed  with  sulphuric  acid  is  C« o 
H>3,S«0s,H0. 

Cuminole,  Cso  Ht«  0»,  may  be  yiewed  as  analogous  to 
hydnret  of  benzoyle,  in  which  case  it  becomes  Cto  Hi  i  0»«f 
H,  the  hydnret  of  a  new  radical,  eumyle.  Cuminic  acid  then 
beKComes  C«o  Hii  0»y  0-i-HO,  analogous  to  benzoic  acid. 
Chlorine  acts  on  hyduret  of  cumyle,  producing  a  compound, 
Cs 0  Hi  1  Ot,  CI,  which  is  chloride  of  cumyle.  Adoptmg  the 
symbol  Cm=C«oHii  Ot,  we  haye  CmH,  CmO+HO,  and 
CmCl,  analogous  to  BzH,  BzO+HO,  and  BzCl. 

17.  Eugenic  Add.    Cto  Hia  O4P  or  Cso  HiaOs? 

This  acid  is  found  in  cloyes,  along  with  a  neutral  oil,  Ci  o 
Hs,  or  Cio  Hi  fl.  The  latter  is  separated  by  potash,  and  the 
eugenic  acid  obtained  by  distilling  the  salt  of  potash  with 
dilate  sulphuric  acid.  It  is  an  oily  limiid,  of  8p.  G.  1-079, 
haying  the  strongest  odour  of  cloyes.  It  forms  ciystallisable 
salts  with  bases,  and  among  them  an  add  salt  of  potash, 
2C.«H..04+K0-|-H01 

Cloyes,  likewise,  contain  two  crystallisable  compounds :  1. 
Cafycphylline,  which  forms  yellow  prisms ;  of  the  formula 
CfloHioOs,  an  oxide,  therefore,  of  the  neutral  oil  of  cloyes. 
2.  Buamine,  which  forms  yellow  pearly  scales,  the  composi- 
tion of  which  is  the  same  as  that  of  eugenic  acid. 

18.  Cocinic  Add.    Ca«  Has  Os,  HO. 

This  add,  the  first  of  the  proper  hi  acids  which  we  haye 
come  to,  is  found  in  the  butter  of  the  cocoa-nut  combined  with 
glycerine.  The  butter  is  saponified  by  potash,  and  the  soap 
produced  is  decomposed  by  a  mineral  add,  when  the  fatty  ada 
rises  to  the  surface.  It  is  purified  by  being  again  saponified, 
and  finally  by  ciystallisation  in  alcohol.  It  forms  snow-white 
crystalline  scales,  fusible  at  96*^,  and  yolatOe.  The  salts  of 
this  acid  with  the  alkalies  are  soaps  like  those  of  all  fatfy  adds. 
Cocinate  of  omde  of  ethyle  is  a  colourless  ether,  with  a  yeiy 
fragrant  smell  of  apples.  Cocinic  add  belongs  to  the  series 
(CH)n+04. 

19.  Myristic  Add.    Cat  Ht7  Ot,  HO. 

This  acid,  which  also  belongs  to  the  series  (CH)n  -f  0«,  is 
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found  combined  with  glycerine,  as  a  fett  or  bntter,  in  the  berries 
of  Jlfyristioa  mosehata  or  nntm^.  There  are  two  fats  in  the 
seeds,  one  red  and  unctaons,  the  other,  myristine,  white,  and 
crystalline.  It  is  easily  purified  by  dissolving  it  in  hot  alcohol, 
in  which  it  is,  like  the  cocinate  of  glycerine,  very  soluble.  On 
cooling,  the  pare  myristine  or  myristate  of  glycerine  is  deposited 
as  silky  needles,  which  being  saponified  by  potash,  and  the 
soap  decomposed  by  an  acid,  yield  myristic  acid.  The  acid  is 
purified  by  means  of  alcohoL  It  melts  at  118%  and  is  decom- 
posed by  distillation. 

The  salts  of  this  acid  with  the  alkalies  are  soaps :  Tory 
soluble  in  alcohol ;  and  their  aqueous  solutions  do  not  become 
viscid  or  ropy  when  concentrated.  Myristate  of  <m<ie  of  etfyle 
is  a  colourless  oil.  Myristate  of  oxide  of  glycenrle  or  n^rutine 
is  purified  as  above  described.  It  is  a  beautifully  ciystalline 
&t,  melting  at  88**.  It  is  saponified  with  difficulty,  and  only 
by  fusion  with  solid  potash.  It  does  not  appear  to  contain 
ordinary  glycerine :  at  least  its  formula  would  indicate  a  gly- 
cerine composed  of  Cj  Ha  0.  This  point  is  at  present  very 
obscure. 

The  formula  of  hydrated  cBuanthic  acid,  doubled,  or  Cs  a  Hs  s 
Oo,  contains  2  eq.  of  oxygen  more  than  1  eq.  of  hydrated  my- 
ristic acid,  Gas  H^s  O4 ;  or  the  formula  of  dry  cenanthic  add 
doubled,  CflsH»o04,  contains  1  e<}.  of  hydrogen  less  and 
1  eq.  of  oxygen  more  than  diy  myristic  acid,  Cvs  H  t?  Oj. 

20.  Palmitic  Add.    C«b  Hai  Ot,  HO. 

This  is  the  principal  fat  acid  of  palm  oil.  It  is  extracted  by 
the  usual  process  for  fatty  acids,  and  purified  from  oleic  acid 
by  crystalUsation  in  alcohol.  It  forms  brilliant  scales,  similar 
to  inai]raric  acid,  and  melting  at  the  same  point,  140°,  as  that 
acid.  It  may  be  distilled  in  great  part  unchanged.  Chlorine 
decomposes  it,  giving  rise  to  new  compounds. 

The  salts  of  Oiis  acid  with  the  alkalies  are  soaps,  and  palm 
oil  is  much  used  in  soap-making.  Palmitate  of  glycerine,  or 
palmitine,  is  the  fat  or  butter  of  the  x>alm  oil,  purified  from  the 
oleine  or  liquid  part,  by  pressure,  aiHl  then  by  crystallisation  in 
ether.  It  melts  at  118°,  and  on  cooling  assumes  the  aspect  of 
wax.  Like  myristine,  it  appears  to  contain  the  modified  glv" 
oerine  Ca  Hi  0,  or  oxide  of  lipyle,  whidi  is  CoHrOg — 3  HO; 

that  is,  glycerine,  minus  3  eq.  of  water,  and  divided  b^  2. 
Pure  palmitine  (as  also  pure  mvristine),  when  distilled,  yields 
neroleine,  derived  from  the  glyceiine ;  but  no  sebacic  acids 
The  crude  palm  oil,  or  impure  palmitine,  however,  yield. 
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-abundance  of  aebadc  add.  a  compound  ddriTed  firoin  oleic  ncid, 
and  proving,  therefore,  the  presence  of  oleic  add  or  rather 
oleine. 

21.  Cetylic  Add.    Cat  Hti  Ob,  HO. 

Syn.  Ethalie  Acid.  This  add,  which  is  isomeric  with  the 
preceding,  is  formed  when  ethal  (hydrated  oxide  of  cetjle)  is 
heated  with  hydrates  of  lime  and  potash,  or  when  cetine  (sper- 
maceti, cetylate  of  oxide  of  cetyle)  is  fused  with  pnotash,  and 
the  cetylate  of  potash  decomposea  by  a  stronger  acid.  It  be- 
longs of  course,  with  the  preceding  add,  to  the  series  (CH)  n 
-I-O4.  It  is  separated  as  usual  in  the  case  of  fatty  ados.  It 
is  a  solid,  fusible  between  130°  and  140<^,  and  at  131 '^  solidify- 
'  ing  in  radiated  groups  of  needles.  It  may  be  distilled  unaltered. 
Its  salts  are  like  those  of  the  preceding  acids. 

22.  Maiijaric  Add.  GB4Hs8  0t,H0;  or,G«8  HaoOe,  2H0. 
;  This  is  one  of  the  most  abundant  and  important  of  the  fiatty 
adds.  Combined  with  glycerine,  or  marcarine,  it  occurs  in 
human  fat  and  some  other  animal  fats,  and  in  many  vegetable 
fats,  such  as  olive  oil.  The  acid  may  be  extracted  from  soap 
maae  of  these  fats,  but  as  it  Is  mixed  with  much  oleic  add,  it 
is  better  to  prepare  it  by  oxidising  stearic  acid  (see  below)  by 
nitric  add,  or  oy  distilling  either  tallow  or  crude  stearic  add. 
Jn  the  latter  case,  the  product  is  well  squeezed  and  purified  by 
solution  in  alcohol,  and  cr}r8tallisfttion.  If  prepared  from  pure 
stearic  acid  by  nitric  add,  it  is  pure  firom  the  first  It  belongs 
to  the  series  (CH)n+04,  and  it  is  probably  in  consequence  of 
its  compodtion,  uiat,  like  the  other  adds  of  that  series,  it  is 
volatile  without  decompontion, 

Margaric  acid  is  a  white  solid  fat,  of  distinct  add  properties, 
fusible  at  140°,  very  soluble  in  hot  alcohol  and  in  ether.  It 
instantly  combines  with  bases,  decomposing  the  carbonates 
and  forming  perfect  soaps  with  potash  and  soda.  The  nentral 
margaiates  of  potash  and  soda  are  decomposed  by  the  addition 
of  much  water,  depodting  the  add  maigarates  in  pearly  scales. 
Mar^arate  of  glycerine,  or  mat ^rt9i«,  is  found  pure  in  the 
solid  part  of  human  fat  or  of  olive  oil.  It  dissolves  in  hot 
alcohol,  and  crystallises  on  cooling.  MarffaraU  of  oxide  cf 
etfyU  is  a  white  fudble  solid. 

The  general  formula  of  the  neutral  maigarates  is  Ca «  Has 
Oa  MO,  or  Gaa  Hea  0«,  2  M  0.  We  cannot  say  with  cer- 
tainty whether  margaric  add  is  unibadc,  as  the  first  of  these 
formules  would  indicate,  or  bibasic,  according  to  the  second. 
We  shall  return  to  this  point  aStei  describing  stearic  add,  and 
we  shall  also  then  describe  the  action  of  heat  on  both  adds. 
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23.  Stearic  Acid.    €«•  Hee  Oa,  2HO=::8t,  2H0. 

This  id,  perhaps,  the  most  important  and  most  abundant  of 
the  fatty  acids.  It  exists,  in  combination  with  glycerine,  as 
steariney  in  beef  and  mutton  fat,  and  in  several  vegetable  fats, 
such  as  the  butter  of  cacao.  To  obtain  it,  mutton  suet  is 
jsaponified  by  boiling  with  potash,  and  the  purified  soap  decom- 
posed by  an  acid,  when  a  mixture  of  stearic  and  oleic  acids, 
the  latter  in  small  proportion,  rises  to  the  surface.  It  is 
strongly  pressed  between  warm  plates,  so  as  to  get  rid  of  the 
oleic  acid  in  great  part,  and  it  is  finally  purified  by  solution  in 
hot  alcohol,  and  crystallisation,  repeated  till  its  melting  point 
is  constant  at  167°.  Or  the  steanc  acid  of  commerce,  which 
is  nearly  pure,  may  be  purified  by  means  of  alcohol.  Or  again, 
tallow  may  be  mixed  with  half  its  weight  of  oil  of  vitriol,  and 
the  mass  melted  in  hot  water,  which  removes  a  compoupd  of 
sulphuric  acid  with  glycerine,  while  the  stearic  acid  rises  to  the 
surface  and  is  to  be  purified  as  above.  Finally,  pure  stearine, 
if  saponified,  and  the  soap  acted  on  by  an  acid,  yields  at  once 
pure  stearic  acid. 

Stearic  acid  is  a  white  solid,  fusible  at  167°,  and  on  cooling 
forming  brilliant  white  needles.  It  may  be  reduced  to  powder, 
and  is,  like  all  fat  acids,  insoluble  in  water,  soluble  in  alcohol 
and  etiier.  It  bums  like  wax,  and  is.  used  in  the  formation  of 
improved  candles. 

By  the  action  of  nitric  acid  and  other  oxidisinff  agents,  stearic 
acid  is  at  once  converted  into  margaric  acid,  and  it  will  be  seen 
that  the  addition  of  1  eq.  oxygen  is  sufiicient  to  efiect  this 
change.    C«8  H<i«  Os,  2  HO+0=:C<ia  He«  0«,  2H0, 

Stearic  acid  is  bibasic^  and  forms  two  series  of  •  salts ; 
St  2  M  0,  and  St,  MO,  HO.  The  neutral  stearates  of  the  alkalies 
are  perfect  soaps.  They  dissolve  in  from  10  to  20  parts  of  hot 
water,  and  the  addition  of  a  lari^e  quantity  of  water  decom- 
poses them  into  acid  stearates  which  are  deposited,  and  basic 
stearates  which  remain  dissolved.  For  the  same  reason  a  hot 
'solution  of  a  neutral  stearate  becomes  gelatinous  on  cooling, 
from  the  separation  of  the  acid  salt  A^  stearate  of  oxide  of 
etkyle,  Bt,  Ae  O,  HO,  and  neutral  stearate  of  the  same  base, 
St,  2  Ae  O,  are  both  white  cnrstalline  fusible  solids ;  as  is 
likewise  the  stearate  of  oxide  ofmethyhy  St,  2  Mt  0. 

Stearine,  the  chief  ingredient  of  suet  and  tallow,  appears  to 
he  the  aind  stearate  of  oxide  of  ghfcieryle,  but  its  precise  formula 
cannot  be  determined  as  long  as  we  are  doubtful  about  that  of 
glycerine.  If  glycerine  be  Cs  H*  0,  then  stearine  will  beCea 
flf .  0.  +  C.  Ha  0  -f  2  HO  =  St,  Gly  0,  $  HO  J  but  if 
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fTtearine  be  C«  Hr  Os,  the  formala  will  be  2  (Cro  Hor  Os)  + 
Q\y  0  -f-  2  H  0  ;  (nsinf  the  older  formulA  for  steuic  acid). 
Neither  of  these  fonnmn  is  satisfactory,  as  both  exhibit  3  eq. 
of  base  and  basic  water,  instead  of  two  or  four.  When  boil^ 
with  alkalies,  stearine,  like  all  other  fats,  is  saponified :  that  is, 
the  stearic  acid  combines  with  the  alkali,  forming  soap,  and 
glycerine  is  separated.  Pare  stearine  is  obtained  by  pressing 
tallow  between  hot  plates,  and  afterwards  dissolving  in  hot 
ether,  which  on  cooling  deposits  the  stearine.  It  is  like  wax  in 
appearance  when  it  has  been  melted,  and  it  maybe  powdered. 

Stearate  of  lead  is  an  insoluble  fusible  soap,  or,  as  it  is  called, 
a  plaster.  The  same  is  true  of  margarate  of  lead,  and  in  general 
of  the  compounds  of  lead  with  fat  acids. 
^  The  composition  of  stearic  acid  stands  in  a  yerj  simple  rela- 
tion to  that  of  maigaric  acid.  If  we  call  the  comjraund  Cj« 
Hjsf  Moraaryley  and  view  it  as  a  compound  radical,  repre- 
senting it  by  the  symbol  Ml,  then  Ml  0$s=  stearic  acid,  and 
MltO«=2M10s=  margaric  acid.  These  acids,  therefore, 
bear  to  each  other  the  same  relation  as  that  which  subsists 
between  sulphuric  and  hyposulphuric  acids,  SOs  and  S«  Os. 
The  only  difference  is  that,  while  S  Oj  neutralises  as  much 
base  asStOsjMlOs  only  neutralises  half  the  quantity  of  base 
neutrsdised  by  Ml*  Os,  or  in  other  words,  Mia  0«  neutralises 
as  much  base  as  Ml*  Os. 

When  stearic  acid  is  distilled  alone,  or  with  lime,  it  yields 
much  mai^garic  acid,  and  a  neutral  fusible  oystalline  fat,  mar- 
garone,  besides  a  solid  carbo-hydrogen  0*4  H*  4,  carbonic  add, 
and  water.  Margarone  is  either  0**  H**  O,  or  CS4H3*  0. 
In  the  former  case  it  is  formed  from  margaric  acid  by  the  loss 
of  1  eq.  carbonic  acid ;  in  the  latter,  it  is  the  oxide  of  the  sup- 
posed radical  margaryle,  Ml  O.  The  production  of  these  com* 
pounds  is  easily  underatood,  for  2  eq.  stearic  acid  are  equal  to 
3  eq.  maivaric  acid  and  1  eq.  oxide  of  maigaryle ;  2  Ml*  Os 
=  3  Ml  0*  +  MIO.  Again,  4  eq.  of  hydrated  stearic  acid 
contains  the  elements  of  6  eq.  hydrated  margaric  acid,  1  eq. 
margarone,  (0**  H**  0),  1  eq.  water,  1  eo.  carbonic  add, 
and  1  eq.  of  the  carbo-hydrogen  0*4  H* 4.  It  would  H>P®^ 
that  according  to  circumstances  the  margarone  has  a  different 
composition,  its  properties  varying  litUe,  so  that  different 
chemists  have  obtained  different  margarones :  nameljr.  C*  *  H*  i 
0;  0*4  H**  0;  and  even  Oo«  Hee  0=M1.  0.  Wh&x 
margaric  acid  is  heated,  part  distils  unchanged,  and  part  is 
converted  into  the  above  products. 

When  margarine  or  stearine  are  distilled,  they  yield  the 
very  acrid  vapours  of  acroleine,  a  product  derived  from  the 
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glycerine  contained  in  these  fats ;  bnt  pure  stearic  and  marsaric 
acids  3deld  not  a  trace  of  acroleine.  rl^either  do  they  3deld  any 
sebacic  acid  among  the  products  of  their  distilktion^  this  acid 
being  derived  exclusively  from  oleic  acid. 

AOTION  OP  NITRIO  ACID  ON  IIAROABIO   ACID. 

By  the  action  of  nitric  acid  stearic  acid  is  converted  into 
margaric  acid,  with  disengag^ent  of  nitrous  acid  vapours.  But 
if  the  action  of  the  nilric  acid  be  prolonged,  the  margaric  acid 
is  graduallv  oxidised  and  dissolved,  being  converted  into 
suoeric  atia^  succinic  add,  and  an  oil  soluble  in  nitric  acid, 

24.  Soberic  Add.    Gs  He  Oa,  HO=Sa,  HO. 

This  acid  is  formed  when  cork  is  oxidised  by  nitric  add,  but 
espjeciallv  when  nitric  acid  acts  on  stearic  acid,  margaric  acid, 
oleic  acid,  and  other  fatty  bodies.  The  acid  solution,  obtained 
by  boiling  stearic  or  margaric  acid  with  nitric  acid  till  it  is 
entirely  dissolved,  is  evaporated  to  one  half,  and  on  cooling 
deposits  a  large  quantity  of  suberic  acid,  which  is  easily  puri- 
fied by  crystaUisation. 

It  forms  small  granular  crystals,  fusible,  when  moist,  at  130*, 
when  dried,  at  248%  volatile  at  a  nigher  temperature,  and  sub- 
liming in  the  form  of  long  needles.  It  is  sparingly  soluble  in 
cold  water,  very  soluble  in  hot  water,  in  alcohol,  and  ether. 

The  general  formula  of  the  suberates  is  Su,  MO.  The  mibe^ 
rate  of  oxide  of  etkyle  is  prepared  like  the  ethers  of  all  Uie 
fatty  acids,  by  passmg  hydrochloric  acid  gas  through  the  alco- 
holic solution  of  the  acid.  When  suberate  of  lime  is  distilled, 
it  yields,  among  other  oily  products^  a  liquid  boiling  at  366**, 
the  formula  of  which  is  Cs  Hr  0.  It  may  be  either  the  oxide 
of  Gb  Hr,  or  the  hyduret  of  Gs  H0O.  It  is  converted  into 
suberic  acid  by  the  action  of  the  air  and  of  nitric  acid.  In  fact, 
the  addition  of  3  eq.  of  oxvgen  gives  the'composition  of  hydrated 
suberic  acid,  GsHrO^.  it  is  probable  that  there  exists  a  radical 
suberyU  =  Gs  Ho  0  =  Su ;  and  that  we  have  Su  H,  and  Su  Oa, 
H  0  for  the  oil  and  suberic  acid,  analogous  to  the  hyduret  of 
benzoyle  and  benzoic  acid. 

25.  Sucdnic  Add.    G4  Ha  Os^  H  0  =F,  H O. 

This  acid  exists  ready  formed  in  amber,  and  may  be  obtained 
by  distilling  that  body.  But  the  mother  liquor  of  the  suberic 
acid,  formed  from  margaric  acid,  &c.,  by  nitric  acid,  contains 
a  huge  quantity  of  succinic  acid,  along  with  a  little  suberic 
acid.    The  mixture,  being  dried  up,  is  acted  on  by  ether,  which 
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diaBolves  the  saberic  acid,  leaving  Uie  Bacdnic  acid ;  it  is  finally 
purified  by  sublimation. 

It  forms  regular  crystals,  which  may  be  easily  sublimed.  The 
formula  of  the  sublimed  crystals  is2(G4Ht03)+H0;  but  by 
repeated  sublimation  it  may  be  obtained  anhydrous.  The  first 
hydrate  S]  H  0,  melU  at  356^,  and  boils  at  455*",  sublimii^, 
however,  slowly  at  284'' .  The  sublimed  hydrate,  2  Su  +  H  O, 
melts  at  320'',  and  boils  at  468'' ;  and  the  anhydrous  acid  melta 
at  257%  and  boils  at  482''. 

By  the  action  of  anhydrous  sulphuric  acid,  it  yields  a  new 
acid, apparently Cs  H« 8«  O i o, 4 HO, hyposulphosuodnic  acid. 

The  constitution  of  the  succinates  is  still  doubtful ;  but  the 
most  recent  researches  of  Fehling,  who  has  twice  examined 
these  salts  with  care,  lead  to  the  general  formula  of  C«  H»  O j, 
M  0,  for  the  neutral,  and  2  (C4  H>  00+MO,  H  0,  for  the  acid 
salts.  The  zuodnaUs^  lead  present  some  anomalies.  By  the 
action  of  anmionia.  Nils,  on  succinic  ether,G4  Us  0<,C4  He  O, 
there  is  formed  succinamide,  C4  Ht  Ot,NH<,  while  alcohol, 
C4  H « 0,  H  0  is  given  off.  When  acid  succinate  of  ammonia  is 
heated,  there  is  sublimed  a  new  bodj,  biBuccinamide,C«  Ha  0«, 
N  H  9 .  It  is  formed  from  2  eq.  succmic  acid  and  1  eq.  ammonia, 
by  the  separation  of  2  eq.  water.  In  their  mode  of  formation 
tnese  two  bodies  resemble  oxamideand  oxamic  acid,  only  bisuc- 
cinamide  has  no  add  properties. 

The  origin  of  anAer  is  veiy  uncertun ;  but  it  is  most  probably 
derived  from  some  resin,  formerly  liquid  or  soft.  It  may  pos- 
sibly have  arisen  from  the  slow  oxidation  of  a  fatty  matter,  as 
we  see  succinic  acid  formed  from  fats  by  oxidation.  Amber  is  a 
clear  brittle  yellow  solid,  becoming  electric  by  friction.  It  is 
for  the  most  part  insoluble  in  all  menstrua.  When  heated,  it 
yields  succinic  acid  and  a  volatile  oil,  and  there  is  left  a  large 
proportion  of  a  matter  which  may  be  called  bituminous,  and 
forms  the  principal  part  of  the  amber. 

26.  Oleic  Add.     Gse  Hta  Ob,  H0  =  01,  HO, 

This  acid,  in  combination  with  glycerine,  constitutes,  as 
oleine,  the  liquid  or  most  fudble  portion  of  fats  and  fat  oils. 
It  exists  in  small  proportion  in  tallow  or  suet ;  more  abun- 
dantly in  human  rat,  hog*s  lard,  and  butter ;  and  it  predo- 
minates in  olive  oil  and  especially  in  almond  oil.  To  obtain 
it,  almond  oil  is  saponified,  and  the  mixed  fat  acid  obtained 
from  the  soap  is  digested  with  half  its  weight  of  oxide  of  lead, 
by  which  means  mar^rate  and  add  oleate  of  lead  are  fonned. 
Ether  diasolves  the  latter  only,  and  the  ethereal  solution*  of 
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oleate  of  lead  is  acted  on  by  hydrochloric  add,  when  the  ether 
rises  to  the  surface,  holding  the  oleic  acid  in  solntion.  The 
«iher  being  distilled  off,  the  oleic  acid  is  left  somewhat  coloured, 
and  it  is  purified  by  exposure  to  cold  when  the  pure  acid  crys- 
tallises; or  by  converting  it  into  oleate  of  baryta,  which  is 
purified  by  means  of  alcohol.  When  pure  it  is  a  nearly  colour-' 
less  oily  fluid,  freezing  in  cold  weather.  At  temperatures 
aboTO  57^  it  is  a  fluid  oil,  but  when  once  melted,  it  does  not 
solidify  till  cooled  to  40**,  and  when  solid,  it  does  not  melt 
till  heated  to  67°.  It  rapidly  absorbs  oxygen  from  the  air 
and  becomes  brown. 

It  forms  salts  with  bases,  and  the  oleates  of  the  alkalies  are 
soaps.  Naples  soap  is  chiefly  oleate  of  potash :  oleate  of  soda 
is  harder* 

Nitric  acid  converts  oleic  acid  into  suberic  acid  and  other 
products.  By  hyponitric  (nitrous)  acid  or  nitrate  of  mercury 
it  is  converted  into  ekndic  acid. 

When  distilled,  oleic  acid  gives  rise  to  sebacic  acid,  and  this 
is  an  infaUible  test  of  the  presence  of  oleic  acid  or  oleine  in  anv 
fat.  This  character  applies  to  all  the  varieties  of  oleic  acid, 
althouffh  we  have  reason  to  think  that  the  oleic  acids  of  fat 
oils  and  of  drying  oils  are  very  different.  Indeed,  according  to 
recent  researches,  the  oleic  add  of  linseed  oil  is  Ca9  Has  Os, 
HO. 

Of  the  oleates,  the  most  important  are  those  of  potash  and 
soda,  which  exist  in  most  soaps,  and  constitute  the  chief  part 
of  those  made  with  olive  or  alznond  oil,  or  whale  oil,  and  that 
of  lead,  which  is  a  valuable  ingredient  of  most  plasters.  Oleate 
of  oxide  ofglyceriUy  as  alreadv  mentioned,  is  oleine,  the  liquid 
part  of  f&ts  and  fat  oils,  which  is  hardly  known  in  a  perfectly 
pore  state.    Oleate  of  oxide  of  ethyle  is  an  oily  liquid. 

27.  Seboic  Acid,     do  Hs  Os,  HO=zSl^  HO. 

When  anv  oil  or  fat,  containing  oleine  or  oleic  add,  is  dis- 
tilled, and  the  product  boiled  with  water,  the  hot  filtered  liquid 
deposits,  on  cooling,  gdacic  acid  in  small  crvstals  resembling 
benzoic  acid.  It  is  soluble  in  alcohol  and  ether,  and  sublimes 
without  idteration.  The  salts  of  sebacic  acid  are  not  remark- 
able, with  the  exception  of  the  sd^ate  of  oxide  of  ethyle,  which 
has  a  fragrant  smell  of  melons.  When  we  wish  to  ascertain 
the  presence  of  oleine  in  a  fat,  a  portion  is  distilled,  the  pro- 
duct is  boiled  with  water,  and  the  liquid,  even  if  it  deposit 
nothing,  is  tried  by  acetate  of  lead,  with  which  it  forma  a  white 
pnedpitate  if  aebaicic  acid  be  present. 
II  2 
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28.  Elaidic  Add.    Cse  Htt  O,  HO. 

This  acid  is  fonned  by  the  aetion  of  nitrous  acid  on  oleic 
acid,  with  which  it  is  isomeric.  If  a  current  of  nitrous  acid 
be  passed  through  well-cooled  oleic  acid,  the  latter  soon  soli- 
difies in  laiige  scales,  which  are  elaidk  acid.  It  is  purified  by 
solution  in  alcohol.  It  forms  sUveir  scales,  melting  at  112  , 
very  soluble  in  alcohol,  and  volatile  without  decomposition, 
except  to  a  very  small  extent.  The  salts  of  this  acid  are 
soaps,  and  resemble  those  of  the  other  fat  acids. 

Oleine  is  converted  into  elaidine  (elaidate  of  glycerine),  and 
oleic  ether  into  elaidic  ether,  by  the  action  of  nitrous  acid ; 
but  we  cannot  yet  account  for  the  production  of  elaidic  acid  in 
these  cases  or  m  that  of  its  formation  from  oleic  acid  ;  since 
the  mode  of  action  of  the  nitrous  acid  is  quite  obscure. 

ACTION  OF  NITRIC  ACID  ON  OLEIC  ACID. 

When  oleic  acid  is  acted  on  by  nitric  acid,  it  yields  several 
acids,  only  one  of  which,  suberic  acid,  occurs  in  the  action  of 
nitric  acid  on  other  fat  acids.  The  remaining  acids  are,  azelaic 
add?  pimeUc  acid,  adipie  aeid,  lipic  acid,  and  agodie  addy 
all  of  which  are  crystallisable,  besides  no  less  than  nine  vol- 
atile acids,  all  belonging  to  the  series  (CH)n+04.  (Redten- 
bacher). 

The  action  of  nitric  acid  on  oleic  acid  is  violent.  When 
completed,  the  liquid  is  evaporated  to  one-half,  and  on  cooling 
deposits  suberic  acid,  which,  according  to  Laurent,  is  accom- 
panied by  azelaic  acid,  very  similar  to  it,  the  composition  of 
which  he  describes  as  the  same  as  that  of  suberic  acid,  or  only 
differing  by  1  eq.  of  water,  while  he  gives  the  formula  Ci  o 
Ha  04,  HO,  that  of  suberic  acid  being  C.  H«  Oj,  HO.  There 
is  probably  here  an  error  of  the  press.  But  the  existence  of 
azelaic  acid  is  very  doubtful. 

Pimelic  add  crystallises  on  evaporation  after  the  suberic 
acid  has  been  removed,  in  hard  granular  crystals,  fusible  and 
volatile.  Its  formula  is  Ct  Hs  Oj,  HO.  In  the  mother  liquid 
are  found : — Adipie  add  in  round  radiated  masses,  fusible  and 
volatile.  Formula  Ca  H4  Oa,  HO  (Laurent),  Ci  4  Hs  Or,  2  HO 
(Bromeis),  probabhr  different  acids.  The  Lipie  add  forms 
long  tables,  very  fine  when  formed  in  alcohol.  Formula  Cs 
H3  O4,  HO.  Azddc  add,  according  to  Laurent,  occurs  in  the 
form  of  an  oily  liquid,  and  oenanthic  acid  is  also  found. 
According  to  Bromeis,  azoleic  acid  is  doubtful,  and  the  acid 
taken  for  it  and  for  oenanthic  acid  is  impure  butyric  acid,  one 
of  the  oily  acids  observed  in  this  reaction  by  Redtenbacher. 
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The  volatile  oily  acicU  detected  by  that  chemist  are  the  fol- 
lowing, being  the  first  nine  in  the  series  so  often  mentioned, 
in  which  the  h^drated  acids  have  the  formula  (CH)n-i-0«. 
We  give  them  in  a  tabular  form,  with  the  empirical  and 
rational  formula : — 


Ac«tic  add      . 

.    C4'  H4    04  =  0*    Ha    0$, 

HO. 

MetaoetoQic  add 

.     Ct    He    04  =  G«    H5    Os, 

HO. 

Batyric  add 

.    Cr    Hs    04  =  Gs    Hr    Os, 

HO. 

Valerianic  add 

.     do  Hio  04  =  Cio  H»    Os, 

HO. 

Caproicadd    . 

.    GxaHxs  O4  =Gia  Hii  Os, 

HO. 

(Enanthjlic  add 

.      Gl4Hl4  04  =  Gl4  Hxs  Os, 

HO. 

Caprylic  add  . 

.     Gio  H16  04  =  Gi6  His  Os, 

HO. 

Pelargonic  add 

.     Gia  His  04  =  Gi«  Hi7  Os, 

HO. 

Capric  add      . 

.     Gao  Hao  O4  =  Gao  Hia  Os« 

HO. 

In  this  remarkable  series  of  acids,  each  individual  differs 
irom  the  preceding  by  the  addition  of  Ct  Ha ;  and  in  like 
manner^  the  boiling  point  of  each  rises  an  equal  number  of 
degrees  above  that  of  the  preceding  one.  The  three  or  four 
highest  in  the  series  are  even  solid  at  ordinary  temperatures, 
and  it  is  probable  that  in  all  the  melting  point  rises  with  the 
amount  of  Cs  Ha,  as  re^larly  as  the  boiling  point  does. 

The  evident  connection  between  all  these  acids  is  very  in- 
teresting, as  it  accounts  for  their  frequent  occurrence  in  nature, 
more  or  less  mixed  together.  Thus,  in  butter,  which  contains 
much  oleic  acid,  we  find  four  of  these  acids  in  small  qpmtity, 
and  it  is  remarkable  that  these  four  are  not  successive,  but 
alternate  in  the  series,  the  number  of  eqs.  of  carbon  and  hydro- 
gen being  in  them  divisible  by  4.  They  are,  but^c  acid,  Gs ; 
caproic  add,  Ci  a ;  caprylic  acid,  Cie  ;  and  capric  acid,  Gsro. 
Redtenbacher  observes,  that  the  baryta  salts  of  tnese  four  adds 
all  form  prisms,  and  that  they  are  less  soluble  as  the  add  rises 
in  the  series ;  while  the  baryta  salts  of  the  intermediate  acids, 
whose  eqs.  of  carbon  are  divisible  by  2,  all  crystallise  in  scales, 
and  also  diminish  in  solubility  in  ascending  the  scale.  These 
curious  facts  furnish  almost  the  only  means  of  separating  these 
adds  from  each  other. 

When  oleic  and  elaidic  acids  are  heated  with  potash  there 
are  produced  acetic  add  and  a  new  fatty  acid,  Cat  Hso Os, 
HO.  The  difference  between  the  formula  of  this  acid  and  that 
of  oleic  acid  is  equal  to  3  eq.  acetic  acid,  which  accounts  for 
its  production.  Again,  elaidic  acid,  CraHoaOs,  pltu  7  eq. 
oxygen,  jields  2  eq.  of  the  new  acid,  and  2  eq.  acetic  acid. 
This  acid  only  differs  from  palmitic  (ethalic)  add  by  1  eq. 
hydr()gen. 
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AOIDS  OF  0A8T0R  OIL. 

Castor  oil  is  a  veiy  peculiar  oil.  When  saponified,  it  yields 
two  fat  acids,  one  crystallisable,  margariHc  aeid;  the  other 
liquid,  ricinie  acid.  The  latter  is  little  known.  The  former 
is  said  to  be  Cs  &  Ha  x  Oo.  Castor  oil  is  a  mixture  of  the  com- 
pounds of  glycerine  with  these  two  acids.  It  is  soluble,  when 
pure,  in  its  own  bulk  of  alcohol.  Nitrous  acid  converts  it  into 
a  solid  cnrstallisable  f&t,  palmine,  analogous  to  elaidine,  but 
differing  nrom  it. 

When  castor  oil  is  acted  on  by  nitric  acid,  it  yields  a  new 
volatile  oily  acid,  of  an  agreeable  aromatic  odour,  which  is 
called  cenanthylic  acid,  as  its  formula  is  that  of  (snanthic  acid, 
plus  1  eq.  oxygen  ;  Ci  4  Hi  s  Os,  HO.  It  forms  an  ether  of  a 
very  agreeable  aromatic  smell.  In  the  residue  is  found  suberic 
acid. 

Palmine,  the  fat  formed  by  the  action  of  nitrous  acid  on 
castor  oil,  is  a  white  crystalline  fat,  which,  when  saponified, 
yields  glycerine  and  a  fatty  acid,  palnUc  acid,  not  yet  fully 
mvestigated,  but  said  by  Flayfair  to  belong  to  the  series  of 
margaryle,  that  is,  to  differ  from  mai^ric  acid  only  in  oxygen. 
A  cunrent  of  sulphurous  acid  passed  though  castor  oil  is  said 
to  produce  palmine,  or  at  all  events  a  fat  which  yields  palmic 
acid.  ^  This,  if  true,  is  a  very  singular  fact,  since  nitrous  acid, 
an  oxidising  agent,  and  sulphurous  acid,  a  deoxidising  one, 
would  thus  produce  the  same  result. 

NATURAL  FATS  AND  FIXED  OILS. 

These  are  all  compounds  of  glycerine  with  fatty  acids. 
When  heated  with  alkalies  they  yield  soaps ;  with  oxide  of 
lead,  plasters;  while  in  both  cases  glycerine  is  set  free.  The 
most  common  of  all  these  compounds  are  stearine,  margarine, 
and  oleine,  of  which  always  two,  and  often  all  three,  are  pre- 
sent, stearine  predominating  in  the  hard,  mandarine  in  the  soft, 
and  oleine  in  the  liquid  fats.  It  is  only  the  compounds  of 
glycerine  with  volatile  acids,  such  as  butyric  acid,  that  have  a 
strong  smell. 

There  are  two  kinds  of  fat  oils :  the  fat  oils  proper,  and  the 
diving  oils.  The  latter  contain  much  oleine,  tne  oleic  acid  of 
which  is  different  from  the  usual  oleic  acid,  and  they  absorb 
oxygen  fix)m  the  air,  diying  into  a  kind  of  varnish.  When  oils 
become  rancid,  they  are  partly  decomposed ;  and,  generaUv, 
some  of  the  acid,  as  well  as  of  the  glycerine,  is  set  hee,  while 
oxygen  is  absorbed.    Pure  stearine,  maiigarine,  and  oleine  do 
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Aot  become  Tancid,  aAd  that  efaan^  depends  on  a  process  of 
decay  or  slow  oxidation  going  on  in  the  imparities  of  the  oil, 
and  from  them  passing  to  the  oil  itself. 

ACTION  OF  HEAT  ON  OILS  AND  FATS.      ACROLSINE. 

When  oils  are  distilled  they  prodace  a  variety  of  compounds, 
snch  as  margaric  acid,  sebacic  acid,  margarone,  carbohydrogens, 
&c  &c.,  and  one  most  remarkable  compound,  a^oleine,  derived 
from  glycerine. 

Acroleiney  C«  H4  0*,  is  best  obtained  by  distilling  glycerine 
with  phosphoric  acid.  The  whole  operation  mnst  be  carried 
on  in  vessels  full  of  carbonic  acid  gas,  as  the  acroleine  is  very 
rapidly  oxidised  by  the  air.  Its  vapour  attacks  the  eyes  and 
nose  in  a  most  painful,  indeed  intolerable,  de^e.  It  may  be 
considered  as  the  hydrated  oxide  of  a  radical  Go  H<,  (aeryle, 
analogous  to  acetyle)  C«  Hs,  0+HO,  analogous  to  aldehyde. 
It  rapidly  absorbs  oxygen  and  forms  acrylic  acid,  C«  H,  Oa, 
HO,  analogous  to  acetic  acid.  In  certain  circumstances,  the 
solution  of  acroleine  exposed  to  the  air  deposits  a  white  solid, 
C10H7O4. 

The  presence  of  acroleine  among  the  products  of  the  distilla- 
tion of  an  oil  or  fat  is  a  convinciug  proof  of  the  presence  of 
dycerine  in  that  oil.  It  is  worthy  of  remark  that  glycerine, 
Ga  Hr  O5,  is  hydrated  oxide  of  aciyle,  plus  3  eq.  water,  so  that 
oils  and  &ts  may  be  called  compounds  of  acroleine  as  well  as 
of  glycerine.  It  is  even  conceivable  that  acroleine  may  be  G» 
H»  0,  which  we  have  seen  to  be  a  probable  form  of  glycerine 
in  some  fats  ;  or  that  the  glycerine  in  these  fats  may  be  acro- 
leine, as  above  given,  Ga  II4  Oa,  and  that  when  this  glycerine 
is  separated  by  an  alkali,  it  takes  up  3  eq.  of  water, 

G^tor  oil,  so  peculiar  in  other  respects,  exhibits  a  peculiar 
decomposition  by  heat.  It  yields  acroleine,  and  a  volatile  oil, 
composed  of  two  oils  insoluble  in  alkalies ;  besides  some  saponi- 
fiable  acids.  When  about  one- fifth  has  been  distilled,  the  re-> 
aidue  suddenly  consolidates  into  a  spongy,  yellow,  elastic  mass, 
insoluble  in  all  menstrua  except  caustic  alkalies,  with  which 
it  forms  peculiar  soaps.  These,  when  decomposed  by  an  acid, 
yield  a  tough  viscid  substance  having  the  characters  of  an  acid. 
The  product  of  the  distillation  again  distilled  with  water, 
yields  several  oily  compounds,  one  of  which  is  crystalline,  and 
not  yet  folly  studied.  The  less  volatile  residue  being  again 
distilled  yields  a  peculiar  ciystalline  fatty  acid,  and  another 
oily  acid.    Neither  of  these  has  been  properly  investigated. 

When  oilb  or  fats  are  decomposed  at  a  red  heat,  they  yield 
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much  combastible  gas  (oil  ^),  formed  of  okiant  gas  and 
marsh  gas,  and  several  liquid  carbohydrogens :  in  puticular 
benzole,  Ci«H«,  Faraday  s  quadricaiboretted  hydrogen,  C« 
H4,  or  Cs  Ha,  and  another  isomeric  compound,  which  is  only 
liquid  at  very  low  temperatures. 

ACTION  OP  SULPHUBIO  ACID  ON  FAT  OILS. 

Sulphuric  acid^  if  added  in  small  quantity  to  oils,  combines 
with  Uieir  glycenne;  but  if  used  in  excess  gives  rise  to  a  num- 
ber of  new  products.  In  the  first  instance  there  are  formed, 
when  a  mixture  of  oleine  and  margarine  is  acted  on,  two  new 
acids,  sulpholeie  acid  and  sulphomaraaric  acid.  These  acids 
have  not  been  isolated,  but  when  their  solution  in  water  is 
heated,  the  sulphuric  acid  separates,  and  the  oleic  and  maigaric 
acids  are  transformed  into  four  new  acids,  metamarwiric  and 
hydromargarUic  acids,  and  metoleic  and  hydrolek  acids.  The 
two  former  are  solid,  crystallisable,  and  parti)]  volatile.  A 
compound  of  the  two  exists,  which  acts  like  a  single  acid  and 
has  been  called  J^dromargaric  add;  it  is  also  a  &8ible  solid. 
The  two  latter  are  oily,  and  all  five  appear  to  be  bib&sic. 
Their  composition  cannot  be  considered  as  ascertained,  but  the 
three  first  are  nearly  allied  4o  marine  acid.  It  would  lead  to 
confusion  here  to  mention  the  different  formulae  proposed  bj 
¥ximjj  Berzelius,  and  Liebig,  for  these  acids,  more  especially 
when  it  is  considered  that  we  have  no  sufiicient  evidence  o( 
the  perfect  freedom  from  foreign  admixture  of  the  acids  ana- 
lysed, and  that  the  recent  observations  of  Miller  show  an 
amount  of  variation  in  the  melting  points  which  leads  to  the 
suspicion  of  impurity.  The  subject  is  interesting,  but  difi&cult, 
and  requires  a  very  minute  investigation. 

Metoleic  and  hydroleic  acids,  when  distilled,  yield  water, 
carbonic  acid,  and  two  carbohydrogens,  oleine  and  ektSne,  both 
of  which  contain  carbon  and  hydrogen  in  an  equal  number  of 
equivalents;  oleine  is  supposed  tone  C40H40,  and  ela^e, 
C45  H45 ;  but  this  is  not  established. 

ACTION  OF  NITROUS  ACID  ON  FAT  OILS. 

Nitrous  acid,  or  solution  of  nitrate  of  mercury,  as  already 
mentioned,  causes  fat  oils  to  become  solid,  converting  oleine 
into  elaidiiie.  This  curious  oblige  takes  place  in  olive  oil, 
almond  oil,  mpe-seed  oil,  hazel-nut  oil,  castor  oil  and  others : 
but  the  drying  oils,  such  as  oils  of  linseed,  hemp-seed,  walnut, 
poppy-seed,  &c,  are  not  at  all  affected  hy  nitrous  acid.  In  all 
the  oils  which  are  changed  into  elaidine,  except  in  castor  oil, 
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the  product  is  the  same.  It  is  the  fonnation  of  this  solid  fat 
which  causes  the  mercurial  ointments^  made  with  nitrate,  to 
become  hard  when  kept.  The  elaidine,  when  purified  by  pres- 
sure and  ciystallisation  in  alcohol  and  ether,  yields  neither 
msiigaiic  nor  oleic  acid  when  saponified,  but  only  elaidic  add, 
isomeric  with  oleic  acid.  There  is  probably  a  secondary  reac- 
tion, for  a  red  colouring  matter  is  also  formed,  which  has  not 
been  investigated. 

Castor  oil,  as  has  been  already  mentioned,  yields,  with 
nitiii^ns  acid,  a  new  fat  ptdmine,  which  contains  a  new  acid, 
pamic  acid.  These  resemble  elaidine  and  elaidic  acid,  but 
are  quite  distinct. 

ACTION  OF  BASES  OM  FAT  OILS.      SOAPS  AND  PLA8TEBS. 

When  £Ett  oils  are  boiled  with  solution  of  caustic  alkalies, 
they  are  gradually  dissolved  in  the  water,  if  there  be  not  too 
great  an  excess  of  alkali  present,  formii^  ropy  or  gelatinous 
solutions,  which  gelatinise  on  cooling.  These  are  sdutions  of 
soaps,  that  is,  potash  and  soda  salts  of  the  fatty  acids,  along 
witn  the  glycerine  set  free.  In  order  to  have  the  soaps  in  a 
solid  form,  the  solutions  are  boiled  down,  and  when  the  alkali 
reaches  a  certain  concentration,  the  soap  becomes  insoluble, 
and  rises  to  the  sur&ce  in  a  soft,  half  melted  state.  This  is 
drawn  off  into  moulds,  and  the  mass  formed  on  cooling  is  soap. 
Another  method  of  causing  the  soap  to  separate  from  the  water 
in  which  it  is  dissolved,  consists  in  adding  sea-salt,  which  at 
once  coagulates  the  soap,  converting  it  into  a  soap  of  soda,  if  it 
is  a  soap  of  potash.  Oi  course,  the  glycerine,  in  both  cases,  is 
carried  off  in  the  mother  liquid.  Sudi  is  the  theory  of  soap- 
making,  which  is  very  simple,  depending  on  the  affinity  be- 
tween the  alkalies  and  the  mt  acids;  on  the  solubility  in  water 
of  the  alkaline  stearates,  margarates^  oleates,  palmitates,  &c. ; 
and,  finally,  on  the  power  of  a  certain  amount  of  free  alkali  or 
of  sea-salt  to  coagulate  the  soap  and  render  it  insoluble  in  the 
liquid  in  which  it  swims,  and  which  in  fact  runs  off  its  sur- 
face as  water  does  off  the  surface  of  fat,  while  yet  the  soap 
retains  perfectly  its  solubility  in  pure  water. 

The  soaps  of  lime,  baxyta,  &c.,  are  insoluble  in  water,  and 
have  no  detergent  power :  hence  the  waste  occasioned  by  using 
hard,  that  is,  calcareous,  water  for  washing.  All  the  salts  of 
lime  in  such  water  must  first  be  entirely  precipitated  in  the 
fcttm  of  curdy  flocculi  before  any  soap  can  be  cuasolved  so  as 
to  act  as  a  deteigent 
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The  wwpi  of  potash  are  soft,  compared  with  those  of  sod^ 
which  are  called  hard  soaps.  White  soap  is  stearate  with  some 
oleatOy  of  soda.  Naples  soap  is  oleate  and  maigarate  of  potash. 
Ck>mmon  soft  soap  is  chieflj  oleate  of  potash,  bat  as  it  is  made 
from  whale  oil  or  seal  oil,  it  contains  also  phocenate  of  potash, 
which  gives  it  a  disagreeable  smell. 

Castile  soap  is  oleate  and  margarate  of  soda,  coloured  bj 
metallic  oxides,  chiefly  oxides  of  iron,  in  such  a  way  as  to  give 
the  desired  mottled  appearance.  Much  and  excellent  soap  is 
now  made  of  palm  oil,  and  is,  therefore,  palmitate  of  soda» 

Soaps  are  soluble  in  alcohol,  forming  tincture  of  soap,  which 
is  an  admirable  liniment  for  bruises,  and  is  much  used  along 
with  laudanum,  as  tincture  of  soap  and  opium  ;  also  with  cam- 
phorated spirit,  formine  opodeldoc. 

PUuters  are  soaps  of  certain  metallic  oxides,  chiefly  oxide  of 
lead,  which  are  insoluble  in  water,  but  fusible,  and  possess  use- 
ful properties.  Litharge  plaster  is  made  by  boUing  finely 
5  parts  of  powdered  oxide  of  lead  with  9  parts  of  olive  oil  and 
some  water,  till  the  combination  is  complete.  It  is  plastic  at 
ordinaiy  temperatures,  and  melts  when  heated.  When  solu- 
tion of  acetate  of  lead  is  added  to  solution  of  soap,  plaster, 
that  is,  oleate  and  margarate  of  lead,  is  precipitated.  When 
prepared  in  this  way  it  becomes  hard.  White  lead  plaster, 
made  with  carbonate  of  lead,  is  very  plastic  and  fusible,  and  is 
much  used.  Iron  plaster  and  mercurial  plaster  are  of  small 
importance. 

The  chief  liquid  Cat  oils  and  diyinff  oUs  of  the  vegetable 
kingdom  have  already  been  mentioned.  In  the  animal  king- 
dom, there  are  fish  oils,  characterised  by  containing  phocenine ; 
also  cod  liver  oil,  &c.  &c. 

The  solid  oils  or  fats  of  the  vegetable  kingdom  are,  butter  of 
C8i/C8tf> {Theobroma caeao)\  of  nutmeg  (MyrisUca  moichata);  of 
cocoa-nut  {Cooos  nwsifera)\  of  laurel  {Iasutus  n6bU%s)\  palm-oil 
{Awira  dais:  Elais  Chnanennt) ;  calam  butter  {Bassia  hu^- 
raced) ;  and  some  others.  Those  of  the  animal  kingdom  are 
tallow,  or  suet,  butter,  hog's  lard,  human  fat,  &c. 

Spermaceti  is  a  peculiar  fat  found  in  the  head  of  Phynter 
macrocefhaltu,  Wben  puiified  from  a  small  quantity  of  a 
liquid  oil,  it  constitutes  eeiiney  which  is  a  compound  of  ethal 

Sydrated  oxide  of  cetyle)  wilii  cetyUc  acid,  or  at  least  yields 
ose  compounds  when  boiled  with  potash.  Cetine  ciystallises 
beautifully  when  melted  or  when  dissolved  in  hot  alcohol. 
Cetine,  when  acted  on  by  nitric  acid,  yields  first  pimelic  acid, 
Cr  Ha  O4  ;  which  is  then  oxidised  into  adipic  acid,  C 1 «  H 1  r 
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Oio.  Thus  2  (C7H«O4)+04=C,4Hi»0ia.  Thd  adipic 
acid  is  finally  converted  into  succinic  acid ;  thus,  2  (Ci «  Hi « 
0,  o}  +  O, ,  =  7  (C4  H,  O4H3  HO. 

Gnolesterine  is  a  fat  found  in  bile,  and  also,  in  small  pnn 
portion,  in  the  blood,  and  in  much  larger  quantitj^  as  an  ingre- 
dient of  cerebral  matter.  It  fonns  the  chief  ingredient  of 
biliary  calculi.  It  dissolves  in  hot  alcohol,  crystallises  on 
cooling,  in  silvery  scales,  but  cannot  be  saponified  by  boiling 
with  potash.  Its  formula  is  either  C j  a  Hj  >  0,  or  Ga  a  H3  9  O* 
When  acted  on  by  nitric  acid,  it  yields  a  new  acid,  cholesteric 
add,  which  contains  nitrogen,  probably  as  nitrous  acid. 

Amhreiney  a  fat  analogous  to  cholesterine,  is  found  in  amber- 
£ps.  It  yields,  with  nitric  acid,  cunbrek  itcid,  Castorine  is  a 
similar  fat  found  in  castoreum. 

fTetx  is  another  peculiar  &tty  body,  the  origin  of  which  i^ 
derived  from  flowers,  whence  it  is  collected  by  the  bee.  It 
melts  at  about  150^.  It  is  a  mixture  of  two  fats,  cerine  and 
myridney  the  former  soluble,  the  latter  insoluble,  in  hot  alco- 
hol. Cerine  is  partly  saponified  by  boiling  with  potash,  yield- 
ing apparently  marine  and  oleic  acids  (?)  along  with  a  neutral 
fat,  eeraine  having  the  same  composition  as  myricine.  There 
are  several  kinds  of  vegetable  wax,  but  they  are  all  much  more 
easily  saponified  than  {bees-wax.  When  llees-wax  is  distilled, 
it  yields  neither  acroleine  nor  sebacic  acid,  and  would  there- 
fore appear  to  contain  neither  oleic  acid  nor  glycerine.  When 
heated  with  nitric  acid,  wax  is  ahnost  entirely  converted  into 
succinic  acid. 

Japan,  or  tree  wax,  is  a  true  fat,  composed  of  palmitic  acid 
and  glycerine  without  oleine.  When  acted  on  by  nitric  acid 
it  yields  first  pimelic  and  adipic  acids,  and  then  succinic  acid, 
as  in  the  case  of  spermaceti. 

Cerodne  is  the  name  given  to  a  waxy  substance  occasionally 
found  on  the  surface  of  the  sugar-cane.  It  is  not  saponifiable, 
and  appears  to  contain  Cta  Hs  o  0«. 

Athaffumtine^  from  the  root  of  Athamanta  oreoaelmum,  is  a 
crystalline  fat-like  body,  containing  valerianic  acid,  united  to  a 
body,  oreoseUme^  which  supplies  the  place  of  dycerine  in  tiie 
neutral  athamantine.  Oreoselone  is  Cii  Hs  Os,  that  is,  iso-* 
meric  with  diy  benzoic  acid.  Athamantine  isCstHisOr^ 
Ci4  Hft  Os  (1  e^.  oreoselone) +Ci  o  Hi  0  O4  (1  eq.  valerianic 
acid*  Athamantme  combines  with  hydrochloric  acid,  and  the 
compound,  when  boiled  with  water,  deposits  crystals,  which 
are  oreoselone  plus  water=Ci  4  Hd  O4,  and  isomeric  with  crys- 
tallised benzoic  add* 
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Having  now  briefly  described  the  best  known  organic  acids, 
it  is  necessaiy  to  mention  a  number  of  acids,  foand  in  the 
analyses  of  different  vegetables,  but  not  yet  sufficiently  studied 
to  decide  whether  they  exist  independently,  or  mav  not  rather 
be,  in  many  cases,  identical  with  some  of  the  acids  above  de- 
scribed. Such  are  chelidonic  acid,  lately  shown  by  Lerch  to  be 
analogous  to  meconic  acid,  and  to  have  the  fonnula  Ci«Hc 
0i3=Ci4  H«  Oio,  3  HO ;  caincic,  crameric,  caffeic,  boletic, 
fongic,  tanacetic,  lactucic,  atropic,  cocognidic,  solanic,  coneie, 
aceric,  moroxylic,  kinovic,  and  menispennic  acids,  beddes 
others. 

VOLATILE  OB  E38XNTIAL  OUA, 

These  oils  are  so  called  because  they  are  obtained  by  dis- 
tillation of  vegetables,  generally  along  with  water,  and  because, 
having,  in  most  cases,  the  concentrated  odour  of  the  plant,  they 
are  usually  called  essences.  Most  of  them  exist  ready-formed 
in  the  plant,  which  owes  its  smell  to  them :  but  some,  as  oil 
of  bitter  almonds  and  oil  of  spirsa,  are  formed  by  a  kind  of 
fermentation,  excited  in  the  case  of  the  former,  as  already 
stated,  by  the  contact  of  amy^daline,  emulsine  and  water. 

Many  plants,  when  cut,  peld  balsams,  which  are  mixtnies 
of  essential  oils  and  resins.  In  many  essential  oils  a  ciystal- 
line  matter  is  deposited,  called  a  camphor  or  stearoptene. 
They  are  all  soluble  in  alcohol.  Many  absorb  oxygen  from  the 
air  and  become  acid,  as  oil  of  cinnamon.  They  are  violently 
acted  on  by  nitric  acid  and  iodine,  chlorine,  bromine,  &c. 

ThejT  may  be  divided  into  three  kinds  :  1st,  those  contain- 
ing only  carbon  and  hydrogen,  as  oil  of  tuxpentine ;  2nd,  those 
containing  also  oxygen,  as  oil  of  cloves ;  3rd,  those  containing 
sulphur,  as  oil  of  garlic. 

1.  Non-Oxygenated  Essential  OiK 

Almost  every  one  of  these  (which  constitute  a  very  numerous 
class  of  oils),  as  yet  accurately  analysed,  has  been  found  to 
contain  carbon  and  hydrogen  in  the  proportion  Cio  Hs,  or 
what  is  the  same  thing,  Cs  H4,  or  Cto  Hi«.  The  foUovraig 
are  the  most  important 

Oil  ofturpetoine,  Ct  o  Ha,  or  C  to  Hi «,  is  obtained  by  dis- 
tilling, with  water,  turpentine,  the  juice  exuding  from  many 
species  of  pintu.  Rosin,  resin,  or  colophonium,  remains  in 
tne  retort.  The  oil  has  a  peculiar  smell,  and  bums  with  a 
smoky  flame.  Its  Sp.  G.  is  0*86.  It  boils  at  312^.  Strong 
nitric  acid  sets  fire  to  it,  and  it  is  also  decomposed  with  flame 
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by  chlorine.  It  dissolves  sulphar,  phosphorus,  and  fat  oils. 
When  exposed  to  hydrochloric  acid  gas,  it  combines  with  it. 
forming  a  white  crystalline  solid  like  camphor,  and  a  liqaid 
compound.  The  solid  is  C>  o  H 1 7  a=:C«  0  H i  a,  HCl.  When 
heated  with  lime,  it  yields  a  pure  oil,  dadyle,  Cao  Hi  e.  The 
liquid  hydrochlorate,  heated  with  lime,  yields  another  pure 
oil^  peu^ley  rather  more  yolatile  than  dadyle,  but  having  the 
same  composition.  Oil  of  turpentine  would  seem  to  be  com* 
posed  of  peuc^le  and  dadyle,  both  C«  o  Hi  s ;  the  former  giving 
a  Hauid,  the  latter  a  solid  compound,  with  hydrochloric  acid. 

Nitric  acid,  by  long  boiling,  converts  oil  of  turpentine  into 
an  acid,  turpentinic  acid,  Ci «  Hs  Or,  HO  ? 

Oil  of  turpentine  is  used  in  medicine,  internally,  as  a  vermi- 
fuge, especially  in  cases  of  the  laiger  worms,  such  as  tosnia  ; 
externally,  as  an  excellent  rubefAcient  and  counter-irritant. 
In  the  arts  it  is  much  prized  as  a  solvent  for  resins  in  making 
varnishes. 

Oil  of  juniper  has  the  same  composition  as  oil  of  turpentine, 
but  possesses  its  own  peculiar  odour,  which  it  communicates 
to  alcohol  in  ^».    This  oil  is  diuretic. 

Oil  of  twoine  has  the  same  composition.  It  is  also  diuretic. 
OH  ofelemi  has  tiie  same  composition,  and  a  pleasant  odour. 
Oil  if  gloraXy  or  sturole,  appears  to  have  the  composition  of 
C«  f^  or  some  multiple  of  it.  Nitric  acid  acts  on  it,  produc- 
ing hydrocyanic  acid,  benzoic  acid,  and  a  fragrant  crystallme 
body,  nitrostyrole.  Styrole  itself  is  a  very  remarkable  sub- 
stance^ differing  as  it  does  from  all  the  other  non-oxygenated 
oils.  Dr.  Blyth  has  been  for  some  time  engaged  in  its  investi- 
gation, and  lias  obtained  veiy  interesting  results,  not  yet  ready 
for  puolication. 

Oil  of  lemons  has  the  probable  composition,  Cs  H*.  Like 
oil  of  turpentine  it  is  composed  of  two  isomeric  oils,'  citrene 
and  eittyiene,  which  combine  with  hydrochloric  acid,  forming 
a  liquid  and  a  solid  compound,  decomposed  by  heating  with 
lime.  The  solid  camphor  seems  to  be,  Ci  o  H9  Cl=Cio  Hs, 
Hli.  The  oils  of  eearo,  cedra$,  oranges,  and  limes,  are  all 
essentially  identical  with  oil  of  lemons.  Oil  of  neroli,  or  of 
orange-fiotoer,  is  quite  distinct,  having  the  odour  of  the  flower, 
while  tne  others  have  that  of  the  rind  of  the  fruit.  Its  com 
position  is  not  accurately  known. 

Oil  ofcopaita  is  anotner  isomeric  form  of  oil  of  turpentine, 
which  it  very  much  resembles,  forming  a  camphor  with  hydro- 
chloric acid.  It  is  diuretic,  and  much  used  in  affections  of  the 
bladder  and  urethra.    Oils  of  pepper  and  of  eMbs  are  still  of 
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the  Bame  composition  in  100  parts,  although  the  latter  is  sup- 
posed to  be  Cic  Hi9. 

2.  Oxygenated  Euential  OlU. 

The  principal  oils  of  this  class  have  been  already  considered^ 
their  radicals  being  known.  These  are  oil  of  Mter  almondty 
or  hydnret  of  benzoyle  ;  oil  of  ^rosa,  or  hyduret  of  salicyle ; 
oil  ofctfrnamon^  or  nydnret  of  cinnamyle ;  oil  ofelofoes  (enfienic 
acid) ;  oil  ofcwnine^  or  hjduret  of  cumyle;  oil  ofaniieed,  the 
solia  part  of  which  isCtoHi^O*,  and  with  nitric  acid  yields 
anisic  acid,  and  other  componnds  already  described  at  p.  466 ; 
cU  of  valerian^  chiefly  valerianic  acid,  &c.  The  essence  of 
valerian,  according  to  Gerhardt,  generally  contains  several  com* 
pounds^  especially  if  old.  When  fresh,  it  contains  no  valeri* 
anic  acid,  but  an  oil,  valerole,  which  is  ci^tallisable,  and  soon 
passes  into  valerianic  acid  in  the  air.  This  oil  is  Ci  *  Hi  o  Os, 
and  is  isomeric  with  metacetone,  also  with  Kane*s  oxide  of 
mesityle,  and  with  oxide  of  allyle  (see  oil  of  garlic,  p,  490), 
Besides  valerole,  the  essence  contains  a  carbo-hydrogen,  bar- 
ne^ne,  CioHs,  identical  with  the  oil  obtained  from  bomeo 
camphor;  and  finally,  a  camphor,  which  is  identical  with 
bomeo  camphor. 

Oil  of  cinnamon,  according  to  Mulder,  is,  when  quite  fresh, 
CI  o  H 1 1  0« .  It  rapidly  attracts  oxygen,  and  3  ^C*  p  H 1 1  O?)  + 
Os  =  1  eq.  cinnamic  acid,  1  eq.  resin  alpha,  Ci »  Hs  0, 1  eq. 
resin  beta,  Cj  o  Hi «  0«,  and  6  eq.  water  Ha  0«.  With  hydros 
chloric  acid  it  yields  two  different  resins,  Cs  o  H  a  0,  and  C 1 4  H 7 
0,  besides  other  products.  With  oil  of  vitriol  it  yields  two  more 
resins,  Cs  0  His  0«,  and  Ca  0  Hi  5  0,  which  together  are  equal 
to  3  eq.  of  the  oil  minus  3  eq.  water.  With  nitnc  acid  the  friesh 
oil  forms  a  ciystalline  compound,  Gi  •  H9  NOr  =  Ci  a  Ha  Os  4* 
NOj  +  HO.  With  water  this  body  yields  hyduret  of  cinna- 
myle, Ci  a  Ha  0>.  If  dissolved  in  sulphuric  acid  and  mixed 
with  water  it  gives  cinnamic  acid,  C 1  a  H  7  0  a .  Along  with  the 
crystals,  nitric  acid  yields  a  red  oil,  which,  with  water,  gives 
another  oil,  C15  Hr  Oa. 

Oil  of  anise,  G  >  o  H 1 «  0 »,  yields  with  bromine  a  compound  in 

fine  crystals,  C»o  <  ^^  Qr,    When  acted  on  by  strong  acids, 

or  by  the  chlorides  of  tin  or  antimony,  oil  of  anise  is  converted 
into  an  isomeric  body,  anisone,  analogous  to  benzoine. 

Of  the  remaining  oils  of  this  class  may  be  mentioned  the  oils 
of  dilly  of  fennel,  of  parsley,  of  carraway,  of  coriander,  of  pirn- 
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pemdy  of  peppermim  (Cio  Hio  0,  or  C«o  Ha©  0»;  this  oU 
yields  several  new  compounds  with  chlorine),  of  marjoram,  of 
lavender,  rosemary ,  bastl,  thyme,  rue  {Cf  Hss  Os),  eascarilla, 
chamomile,  wormwood,  tea,  eardamom,  nutmeg,  cajepiii,  rhodium, 
rose  (otto  or  attar  of  roses),  hergamot,  eajffron,  eaesafras,  and 
npeet  bay  (Oio  Hi  oO).  Of  these,  little  certain  is  known,  and 
almost  all  require  a  careful  study.  The  oil  of  sassafras,  Cio 
Ha  O9,  when  cooled,  deposits  very  lan^e  and  beautiful  crystals, 
measuring  li  inch  on  the  side,  Wi^  bromine,  the  solid 
essence  ^elds  crystals,  composed  of  C 1 0  H  Br «  0 » .  . 

The  oil  or  essence  of  semen  contra  is  said  to  be  Ci  a  Hi  5  Oa, 
That  of  artemisia  dracunculus,  or  essence  of  estrason,  yields, 
when  treated  with  sulphuric  acid,  anisoine,  identicia  wiui  thai 
of  oil  of  anise,  and  in  fact  contains  the  same  oxygenated  oil 

eearoptene  of  anise),  along  with  a  different  carbohydrogen. 
orent  has  obtained  from  essence  of  estragon  a  series  of 
new  compounds.  He  represents  the  essence  byCj^HsoOs; 
but  (}erhardt  has  shown  tnat  it  is  identical  with  the  oil  of  anise, 
and  that  draconic  acid  and  dracole  are  the  same  as  anisic  acid 
andanisole.    The  acid  is  Ci4H7  05,H0. 

The  concrete  essence  of  the  tonka  bean  is  called  coumarine. 
It  is  very  fragrant,  and  its  foimnla  is  Cis  H0  O4.  Potash 
changes  it  first  into  cumaric  acid,  Ci8Hr0s,H0,  and  after- 
wards into  salicylic  acid ;  and  hot  nitric  acid  converts  it  into 
nitropicric  acid.    Cold  nitric  acid  produces  a  white  volatile 

crystalline  solid,  Cis  J^q    Oi.     Coumarine  also  combines 

with  chloride  of  antimony,  forming  yellow  crystals. 

3.  Sulphuretted  Essential  Oils. 

This  class  of  oils  is  distinguished  by  a  pungent  peculiar 
smell,  and  acrid  burning  taste,  as  in  oil  of  mustard,  or  an  intense 
alliaceous  odour,  as  in  oil  of  garlic  or  of  onions*  The  more 
important  of  them  have  been  lately  investigated,  and  have 
yielded  very  striking  results. 

Essence  of  mustard  is  prepared  from  mustard-seed  in  the  sam0 
way  as  oil  of  bitter  almonds  from  that  seed.  The  seed  is 
macerated  with  water  and  afterwards  distilled,  when  it  pelds  an 
oil  of  a  most  remarkable  nature,  containing  not  only  sulphur, 
bat  also  nitrogen.  The  pure  oil  is  colourless,  of  Sp.  G.  1*010, 
and  boils  at  29&*  or  300''.  Its  formula  is  Cs  Hs  ^  St,  so  that 
it  contains  no  oxvgen.  With  ammonia  it  forms  a  crvstalline 
compound,  which  is,  in  fact,  an  or^nic  base  or  alkali,  Thio- 
rinnamine  =:  Cs  Hs  N*  Sa .    This  is  a  bitter  compound,  which 
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fonnSy  like  nearly  all  organic  baaes,  ciystalline  compoonda  with 
chloride  of  platinum  and  chloride  of  mercury. 

niosinnamine,  acted  on  by  dry  oxide  of  lead  or  of  mereiuT, 
loses  all  its  sulphnr,  forming  a  new  base^  sinnamine  =  C«  H« 
Nt  =  Cs  Ha  N «  Ss  —  2  HS.  It  is,  therefore,  Thiosinnaiiiine, 
minus  2  eq.  sulphuretted  hydrogen,  which  have  acted  on  the 
oxide  of  lead,  forming  water  and  sulphuret  of  lead.  Sinnamine 
forms  definite  compounds  with  chlorides  of  mercury  and 
platinum.    It  is  a  powerful  base,  and  yeiy  bitter  to  the  taste. 

When  oil  of  mustard  is  acted  on  by  moist  hydrated  oxide  of 
lead,  it  loses  both  sulphur  and  carbon,  in  the  proportion  CSt, 
forming  sulphuret  of  lead  and  carbonate  of  lewi,  along  widi  a 
new  b^,  sinapoline,  which  dissolves  in  hot  water,  in  alcohol, 
and  in  ether.  ItsformulaisCi«Hit  Nt  0^;  and  it  is  formed 
from  2  eq.  oil  of  mustard,  with  6  eq.  oxide  of  lead  and  2  eq. 
water,  as  follows :  2  (Cs  H.  NS«)  +  6  PbO  -f  2  HO  ==  Ci 4 
Hi  ,  N.  0»  +  4  PbS  -f  2  (PbO,  CO.). 

When  oil  of  mustard  is  acted  on  by  an  alcoholic  solution  of 
X>otash,  there  is  separated  neutral  carbonate  of  potash,  and  the 
addition  of  water  causes  the  separation  of  an  oily  liquid,  which 
is  in  its  relations  analogous  to  oil  of  mustard.  It  appears  to  be 
Cf  8  Hs  s  Na  S4  O4.  By  the  action  of  baryta  upon  it,  sulphuret 
of  barium  is  formed,  and  a  basic  compound  not  further  examined. 
The  liquid  from  which  this  oil  has  separated  contains  the  potas- 
sium salt  of  a  vexy  remarkable  acid,  which  forms  with  a  salt  of 
leadthecompoundC.NH(iS4,Pb,=  C8  H«  NSa.HS  + PbS. 
These  compounds  are  produced  as  follows :  6  eq.  oil  of  mustard, 
10  of  water,  and  2  eq.  of  potash,  6  (Cs  Hs  NS.)  +  10  HO  + 
2  KO,  ^ield  1  eq.  of  the  new  oil  C».  H«s  Na  S*  O4,  1  eq. 
ammonia  NHa,  4  eq.  carbonic  acid,  C4  Os,  and  2  of  tiie  new 
salt  of  potassium  2  (Cs  He  NS*,  K).  It  is  probable,  however, 
that  the  first  change  is  more  simple,  and  that  3  eq.  oil  of  mustard, 

5  of  water,  and  1  of  potash,  yield  1  eq .  of  an  oil  Ci  4  H  > «  N» 
S*  Oa,  2  eq.  carbonic  acid,  Ut  O4,  and  1  of  the  potassium  salt 
Cs  H«  NS«,  K.  Two  eq.  of  the  oil  Ci  4  H.  4  N>  S,  O*  lose 
1  eq.  ammonia,  and  give  rise  to  the  oil  C«a  Has  Nj  St  O-*. 

Tnese  very  interesting  facts,  important  in  a  high  degree  from 
their  bearing  on  the  theory  of  oivanic  bases,  are  taken  fin>m  a 

giper  by  Dr.  Will  lately  published,  to  which  I  refer  the  leado-. 
r.  Will  points  out  some  curious  relations.    Thus  sinapoline, 
CitHisNaOa,  may  be  derived  from  2  eq.  oil  of  mustaid  and 

6  eq.  water,  which  yield  1  eq.  sinapoline,  2  eq.  carbonic  acid, 
and  4  eq.  sulphuretted  hydrogen.  If  we  now  suppose  2  of  the 
4  eq.  of  HS  to  combine  with  1  eq.  sinapoline,  they  will  produce 
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theoil,  Ci «  Hi  4  Ns  O9  8t^  which  is  mipposed  to  be  first foimed 
and  afterwards  to  lose  ammonia :  while,  if  the  2  other  eqs.  of 
H8  combine  with  1  eq.  of  nnehanged  oil  of  mustard  they  will 
fonn  the  add  of  the  new  potasdom  salt :  Ca  Hs  NSa  +  2  HS 
stC.HtNS*. 

Again,  sinapoline  may  be  viewed  as  hydnret  of  benzoyle,  phu 
2  eq.  ammonia,  Ci «  H«  0«,.2  NH> ;  and  the  hypothetical  oil  is 
then  Ct  4  Ho  Os,  N*  H«  St,  or  hydnret  of  benzoyle,  plus  2  eq. 
Bolpharet  of  ammoninm. 

The  separation  of  the  elements  of  bisnlphnret  of  carbon  from 
oil  of  mnstard,  and  the  simnltaneons  formation  of  a  series  of 
basic  compounds,  would  indicate  that  oil  of  mustard  might  be  a 
compound  of  snlphocyanpgen ;  since  sulphocyanide  of  ammo- 
nium, when  heated,  gives  oiF  bisulphnret  of  carbon,  and  gives 
tiae  to  a  series  of  basic  compounds,  melamine,  ammeline,  &e. 
Now  it  is  veiy  remarkable  that  oil  of  mustard  admits  of  being 
omsideTedas  Co  Hi  +  Cs  NS«,  that  is  the  sulphocyanide  of  a 
new  radical  aUyle,  Ca  Hs ;  of  which,  as  we  shall  presently  see, 
oil  of  garlic  is  the  sulphuret.  Finallv,  oil  of  mustard  may  be 
a  compound  of  hydrocyanic  add  with  tne  hydrosulphuret  of  sul- 
phuret of  acryle :  G«  Ha  S,  HS  +  Ct  NH.  Its  very  pungent 
smell  and  powerful  action  on  the  eyes  certainly  rank  it  beside 
acroldne,  C«  Hs  0,  HO.  The  researches  of  Wertheim  have 
lately  demonstrated  the  truth  of  the  supposition  above  men- 
tioned, and  the  oil  of  mustard,  or  sulphocyanide  of  allvle,  has 
been  formed  artificially  from  &e  oil  of  garHc,  the  sulphuret  of 
allyle,  and  vice  versd. 

Oil  of  mustard  contains  an  indifferent  nitrogenised  body, 
ff^fronn^,  which,  analogous  to  emulsine,  yields  the  essential  oil 
after  macwation  of  the  seed  with  water,  and  fermentation.  The 
fermentation  of  myrosine  is  prevented  in  the  same  way  as  that 
of  emulsine,  namely  by  coagulation.  The  seeds  also  contain  a 
crystalline  body,  HnapiHne^  resembling  a  £&t.  The  substance, 
which,  along  with  myrosine,  yields  the  oil,  appears  to  be 
M^fTOftie  acid,  or  rather  wj^rcnaU  ofpokKh^  a  body  not  yet  fully 
studied.  The  seeds  of  SimcfpU  al6a  contain  the  myrosine,  as 
sweet  almonds  contain  emulsine ;  but,  bdng  destitute  of  myronic 
add  or  myronate  of  potash,  as  sweet  almonds  are  of  amygdaline, 
they  vield  none  of  tne  oil. 

It  has  very  recently  be^i  shown  by  Hubatka  and  Werthdm, 
that  the  essential  oils  of  Oochlearia  armorada  (horse-radish), 
Coehiearia  qfflcinaks,  and  AUiaria  qficmaii§,  consist  almost 
entirely  of  oil  of  mustard,  although  the  latter  oil  has  also  a 
very  strong  smell  of  oil  of  garlic,  an  oil  which  has  not  been  dis^ 
covered  in  it. 
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I%€  eu^nHuloU  of  forheyfxomihBhvllM  of  AUkmi 
w  a  peculiar  snlphiinsed  compound.  Wertheim  has  lately 
studied  it,,  and  shown  that  it  is  the  sulphuret  of  a  new  radicu 
Allyle=C(iHss:All,andit8fonnnlai8CeH<,S=:All&  The 
crude  oil  contains  a  little  of  a  higher  sulphuret,  possihly  AUSt, 
and  also  some  of  the  oxide  of  allyle,  G«  Hs  O = All  0,  whidi  is 
an  oily  liquid  of  an  ofiensiye  smell.  The  radical  allyle  appean 
to  enter  into  numerous  combinations,  and,  among  oUiers,  Wer- 
theim analysed  the  following :  the  sulphuret,  or  pure  oil  of  garlic, 
Alls ;  the  compounds  of  that  sulphuret  with  tne  snlphurets  of 
platinum,  palladium,  and  silver,  6  AllS  +  6  PtSa :  2  AUS  + 
3  PtS. ;  2  Alls  +  3  PdS ;  and  X  AllS  +  AsSf ;  double  com- 
pounds with  the  sulphurets  and  chlorides  of  mercmy  and  pla- 
tinum ;  3  (Alls  -f  PtS.)  +  (All CI  -h  PtCl.) ;  and  (AUS  + 
2HgS)  +  (All  CI  +  2HgCl) ;  andlastiy  nitrate  of  the  ozidw  of 
silver  and  allyle,  (AllO  +  AgO)  +  NOi.  Our  space  does  not 
permit  us  to  do  more  than  point  out  the  existonoe  of  iheae 
curious  compounds. 

The  essential  oil  of  €U8afiiida  appears  to  conmst  of  at  least 
two  oils,  one  of  which,  if  not  both,  contains  sulphur.  It  baa  a 
very  offensive  odour.  It  does  not  combine  with  ammonia  like 
the  oil  of  mustard.  Dr.  Douglas  Maclagan  finds,  as  mi^ht  be 
expected  from  the  odour,  that  one  of  the  oils  it  contains  is  8q1-> 
phuret  of  allyle. 

The  essential  oils  of  hopi,  of  water  pepper^  and  of  Ar 
macukOum,  are  believed  to  contain  sulphur. 


CONCRBTE  VOLATILB  PaiNCIPLBS,  ALLIED  TO  THE  BSSEMTIAI.  OILS. 

There  are  several  substances  which  may  be  classed  under 
this  head ;  such  as  Hellenine  from  Inula  Mlenium,  which  is  a 
vohitile  crystalline  solid,  Cis  Hio  0«.    With  nitric  add  it 

yields  nitrohellenine  ds  j^o«^'*  ^^^^  distilled  with 
anhydrous  phosphoric  acid,  hellenine  loses  2  eq.  water,  yielding 
Mien^y  a  car&hydrogen,  Cic  Ht.    With  cnlorine  it  yields 

the  compound  Ci  s  |  ^j*  Oa  +  HCl. 

Asarone  from  Atarum  europceuM  is  a  volatile  solid,  having  a 
remarkable  tendency  to  ciystaUise  in  beautifully  defined  forms, 
and  also  to  pass  into  the  amorphous  condition,  from  whidi  it 
may  be  again  brought  into  the  ciystalline  state.  Schmidt  has 
veiT  recently  studied  its  ci^stalbsation  under  the  microscope, 
and  has  obtained  results  which  are  most  interesting  in  reference 
to  the  fonnation  of  crystals  in  general,    I  must  refer  to  his 
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elaborate  paper  in  the'^  Aimalen  der  Chemie  nnd  Pliarmacie," 
for  Febmaiy  1845.    Its  composition  is,  Ct  o  H  t  a  Os . 

Anemonine,  from  various  species  of  AnemoMf  is  a  volatile, 
oystallisable  solid,  the  formula  of  which  is  Cs  Ht  Os.  It 
forms  with  oxide  of  lead  a  compound,  3  (Cs  H«  Oa)  +  PbO. 
With  bases  it  yields  anemanic  acid,  the  composition  of  which  is 
unknown. 

Canthofidine,  the  active  principle  of  Spanish  flies,  is  a 
volatile  acrid  solid,  the  composition  of  which  is  Ci  o  Ho  O4. 

The  following  plants,  ^ndendroft  vanilla,  Quassia  amara, 
Tanghinia  madoffasearieims.  Primula  aurieulay  and  Primula 
wris,  contain  concrete  volatile  essences,  not  jet  analysed. 

CAOUTCHOUC,  OB  GUM  BLASTIO, 

Caoutchouc  is  a  substance  suigenerit,  which  in  composition 
approaches  more  nearly  to  the  essential  oils  than  to  any  other 
clus  of  compounds.  It  is  the  coagulated  or  inspissated  juice 
of  many  tropical  trees,  the  chief  of  which  is  SipHcnia  dasHca 
(latropha  eUutiea,  Hevea  guianensis).  The  juice,  as  it  flows 
Irom  the  tree,  is  made  to  diy  on  moulds  of  clay,  which  are 
afterwards  broken  out,  leaving  a  bottle  of  caoutchouc.  It  is 
generally  blackened  by  smoke,  but  when  pure  it  is  white  and 
transparent,  it  is  hig^y  elastic,  and  the  freshlv  cut  snrfftces 
adhere  strongly  if  pressed  toge^er.  It  is  insoluble  in  water, 
alcohol,  and  acids:  but  it  dissolves  in  ether,  naphtha,  coal-tar 
paptha,  bisnlphuret  of  carbon,  and  essential  oils.  Its  solutions 
in  ether  and  coal-tar  naphtha,  when  dried  up,  leave  the  caout- 
chouc in  an  elastic  state.  On  this  principle  waterproof  cloth  is 
made.  Caoutchouc  is  much  used  in  chemical  operations  to 
form  flexible  connecting  tubes. 

When  exposed  to  heat,  caoutchouc  first  melts,  and  then 
distils,  yielding  a  mixture  of  several  oily  liquids,  aU  of  which, 
as  weU  as  pure  caoutchouc  itself,  are  carbohydro^ns.  Some 
of  these  oils  boil  at  90%  others  at  680^,  and  at  mtermediate 
points.  I  found  that  one  highly  rectified  oil  which  boiled  at 
96^,  and  had  the  composition  of  defiant  gas,  when  acted  on  by 
sulphuric  acid,  yielded  an  oil  which  boiled  at  428%  and  had  the 
same  composition.  But  most  of  these  oUs  have  the  composition 
of  oU  of  turpentine,  C5H4  or  Cio  Ha.  One  of  these,  caUed 
oootttcAfiM,  gives  with  chlorine  an  oil,  Ci  0  Ha  -h  CI. 

REsms. 

Resina  are  generally  found  along  with  essential  oils^  and  many 
of  these  oils,  by  the  action  of  the  air,  are  converted  mto  resins. 
In  this  change,  the  essential  oils  lose  a  part  of  their  hydrogen^ 
K  k2 
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which  18  converted  into  water,  and  take  up  some  ^^^n  besides. 
In  fetct,  Hie  resins,  as  a  ckss,  are  add  bodies.  They  are  inso- 
luble in  water,  but  become  soft  in  boiling  water.  They  dissolve 
in  alcohol,  and  often  ciystallise  from  that  solvent. 

The  acid  resins  combine  with  bases ;  their  salts  with  the 
alkalies  are  called  resinous  softps*  The  resins  are  not  volatile, 
although  very  inflammable.  They  are  purified  from  essential 
oils  by  distilling  off  the  latter  along  with  water ;  but,  as  thus 
obtained,  they  are  generally  mixtures  of  several  resins. 

Jkurp^iHne  and  Cohphonj^^  or  Common  Bean,  Turpentine 
is  the  semifluid  juice  wnich  exudes  from  many  species  of  IHnm, 
When  distilled  with  water,  it  yields  oil  of  turpentine,  C  i  o  Ht 
or  G4  o  Ha  f ,  while  colophony  or  resin  remains  behind,  which  is 
Cio  Hr  0,  or  G40  Hs8  O4,  or,  more  accurately,  Cio  Hao  0«. 
Here  the  oil,  C40  Has,  has  lost  2  eq.hydronn,  replaced  by  Seq. 
oxygen,  C40  Hso  Ot,  and  this  compound,  like  aJdehyd^  hu 
taken  up  2  eq.  of  oxygen  to  form  the  add  resin,  C40  n*o  0«. 

Colophony  contains  two  different  resins :  resin  djpAa,  or  ptnte 
acid,  and  resin  beta,  or  ^hie  acid.  The  latter  is  said  to  be 
Cso  HiiOs,the  former  isomeric  with  it,  C40  Ha  o  0«;and  their 
properties  are  very  similar,  being  those  of  colophony  which 
is  formed  of  them.    The  sylvic  acid  is  cijstallisable. 

When  distiUell  with  lime,  colophony  yields  two  oily  liquids, 
reaiMonCy  C»9  H«s  0,  and  resinane,  Cio  H9  0. 

The  resin  ffc&poMa  is  C«o  Ha 0  O4,  according  to  Rose;  but 
there  is  some  reason  to  believe  that  it  is  isom^c  with  the  pre- 
ceding. A  variety  of  it  has  occurred,  containing  C40  Ha «  O0, 
and  when  combined  with  oxide  of  lead,  C40  H28  0<.  This 
resin  ciystallises. 

The  resin  of  elemi  contains  two  resins,  one  crystallisable. 
Both  are  said  to  be  Cso  His  O9.  Anime  also  contains  two 
resins.  £vphorbiwn  yields  a  resin  having  the  same  compodtion 
as  elemi.  Beneoin  contains,  beddes  bensoic  add  and  a  volatile 
oil,  three  redns,a/pAa,C7«  H49  O14;  deto,C4oHta  09;and 
ffamma,  Ca  0  Ha  o  Os .  The  resin  alpha  contains  the  sum  of  the 
other  two,  and  by  long  boiling  with  carbonate  of  soda,  which 
dissolves  the  redn  gamma  alone,  is  resolved  into  them. 

Balsam  of  Tolu  contdns,  beddes  essential  oil,  benzoic  and 
cinnamic  acids,  and  a  carbohydrogen,  C»  4  H 1  s,  a  resin,  C 1  a  Hi  o 
Ob.  It  contains  the  elements  of  benzoic  ether,  plus  1  eq. 
oxygen.  When  the  balsam  is  distilled,  per  se,  it  actually  yields 
benzoic  ether,  along  with  a  new  carbo-hydro^n,  called  b^zoene, 
or  toluole,  C 1 4  He .  This  last  compound  yidds  with  sulphuric 
acid  a  new  acid  Ci  4  Hr  S.  Os  -f  3  HO  ;  and,  with  nitric  add, 

two  new  nitrogenised  compounds,  Ci  4  \  ^q     called  proioni- 
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trobenxoSne,  or  nUrokMde^  analogous  to  nitrobenzide,  and 
another^  binitrobenzo^e^  Ci4H«-i-2N04.  The  former la 
iaomeiic  with  aalicylamide,  and  with  anthranilic  acid,  and, 
like  the  latter  body,  when  heated  with  lime,  yields  aniline. 
Wlien  acted  on  by  hydrosnlphnret  of  ammonia,  it  yields 
another  artificial  base,  tolnidine.  With  chlorine,  benzo^ne 
also  yields  seTeral  new  prodncts. 

Styraeine,  the  resin  of  styrax,  is  Ca «  Hi  i  0*.  When  acted 
on  by  nitric  acid,  it  yields  the  products  of  decomposition  of 
dnnamic  acid.  When  flnid  storaz  is  distilled  wil£  water,  it 
yields  a  remarkable  oil,  t^frole,  Ci  a  Hs,  which  is  also  formed 
by  the  action  of  heat  on  cmnamic  acid,  and  is  probably  derived 
from  dnnamic  acid  present  in  the  storax. 

SCvrole.  when  heated  to  400°  in  a  closed  tube,  changes  into 
a  solid  glassy  mass  of  the  same  composition  in  100  parts,  bnt 
the  formula  of  which  is  Gi4  Hr.  It  is  called  metastyroh. 
By  a  stronger  heat,  it  is  volatilised  and  reconverted  into  the 
ou.  Styrofe  is  analogous  to  benzole  and  tolnole,  and  like  liiem, 
forms  compounds,  when  acted  on  by  nitric  add,  in  which  H  is 
replaced  hj^  NO  4  (Hofifaiann  and  Blyth). 

Tke  renn  of  guaiaeum  is  remarkable  for  its  tendency  to 
become  blue  by  uie  contact  of  many  different  substances.  It 
contains  two  resins,  but  their  composition  fl  not  ascertained. 
Lac  contains  four  resins,  besides  colouring  matter.  Dammara, 
moBtic,  draffcn^8  blood,  and  sandartichy  are  resins  much  used  in 
making  vaniishes. 

Jalap  contains  two  resins ;  one,  a  soft  resin  soluble  in  ether, 
C4aH340i8;  and  an  add  resin  insoluble  in  ether,  which,  from 
striking  a  fine  red  colour  with  sulphuric  add,  is  called  rhodeo- 
ntine,  C4«H3s09o.  When  combined  with  bases,  it  takes  up 
1  eq.  water,  forming  fydrorhodeoreUne,  veiy  similar  to  rhodeore- 
tine,  but  soluble  in  water,  C4  *  Ha «  Ot  i.  When  rhodeoretine  is 
acted  on  by  hydrochloric  add,  it  is  resolved  into  grape  sugar, 
Ci  9  Hi  t  Oi »,  and  an  oily  liquid  rhodeorainokj  Cso  H»s  Os. 
This  reaction  places  rbiodeoretine  near  to  salidneand  phloridzine. 
On  the  other  nand.  if  we  compare  7  eq.  of  starch,  7  (Ci  9  H  <  0 
Oio^  =  C8  4H7o07owithSeq.r)iodeoretine,2(C4  9  H35O90) 
=  Ua4  H70  04o,we  can  see  how  this  resin  may  be  formed  from 
starch,  ftc.  by  deoxidation.  Rkubarb  contains  3  resins,  tmor^ 
Hfte,  pAoforeUmy  and  mytkrorttine.  The  two  first  are  both  Ci « 
H«  Or;  the  third  is  d  9  H9  Or.  They  are  accompanied  by  an 
intens^  yellow  ocystaHisable  add,  eniysophanic  add,  C 1 0  H « 
Os,  or  U4«  Ha  9  Oi  9.  This  latter  substance  is  also  found  in 
lichens,  saeli  as  Parmelia  parieHna,  Squamaria  eUgam,  &c. 
Copai,  which  of  all  the  ledns  is  the  moet  insoluble,  is  said 
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to  contain  five.    Copal  vanish  is  made  by  adding  hot  oil  of 
tnrpontine  to  copal  fosed  at  a  gentle  heat 

Tnif  or  peat  contains  sevenl  resinons  bodies,  esamined  by 
Mulder.  In  the  toif  of  Ftiesland  he  found  4  resins :  olpi^ 
Cjo  H40  O9;  beia,Crr  H«7  0»;  pamma,  Cto*  H94O9;  and 
deUa,  Cut  Ht«i  0».  A  lighter  kind  of  ttuf  from  another 
locality  yielded  two  resins ;  alpha  Gj*  H«t  Os;  and  ffomma^ 

C9oH«4  06. 

Resinons  varnishes  are  made  by  dissolving  resins  in  oil  of 
turpentine  and  other  essential  oils ;  or  in  drying  oils.  Spirit 
varnishes  are  made  by  dissolving  resins  in  f«ry  strong  alcdiol. 

AOTTON  OF  HBAT  ON  RESINS. 

When  reuns  are  distilled  in  close  vessels,  they  yield  a  great 
deal  of  gas  of  a  hkh  illuminating  power,  and  many  vouitile 
liquid  compounds  of  carbon  and  hydrogen. 

Pinic  acid  yields,  when  heated,  colcphoKc  add.  Colophony 
yields  ruinein^  an  oil,  Cso  His  0 ;  also  rttmapkika^  Ct« Hs, 
which  with  chlorine  forms  a  compound  Ct  4  Hs  Clt ;  f^tMjfUne^ 
Cts  Hit,  which  with  sulphuric  acid  yields  an  acid,  isomeric 
vidth  sulphocumenic  acid,  Cis  Hi  1  S«  Oc,  HO ;  retmole^  C*t 
H 1  •  ;  and  finally  a  solid  product,  reUsterine^  fusible  at  152**, 
having  the  same  composition  as  naphthaline,  C«o  Ha. 

OOLOUUNO  MATTEBS  OONTAININO  NO  NITBOOBN. 
1.  Yellow  colouring  xnatteri. 

The  following  are  the  most  important  of  the  yellow  vegei* 
able  colouring  matters,  many  of  wnich  are  used  in  dyeing. 

Cfwrcttmney  from  the  root  of  Oureuma  lonpa^  is  resmoua,  and 
is  dissolved  by  alkalies,  which  change  it  to  brown.  Hence  it 
is  used  as  a  test  for  alkalies,  under  the  name  of  turmeric. 
Oamhoge  yeUow  is  extracted  from  gamboge,  the  dried  juice  of 
Oardma  gamhogia.  It  is  resinous  and  powerfully  purgative. 
AnnoUo  or  AnaUo  is  obtained  from  the  seeds  of  B%xa  areUana 
and  Madia  tinctoria,  CaroHne  is  the  colouring  matter  of  the 
carrot,  JDaucus  earota,  Hhabarberine  is  a  name  formerly  given 
to  the  ;^ellow  acid  of  rhubarb,  now  called  ehryaophamic  aeH 
which  is  found  also  in  lichens  as  above  stated.  It  has  mat 
colouring  power,  and  yields  a  fine  violet  with  alkalies.  It  is 
fusible  and  volatile.  Formula,  CioHsOs.  From  occnrrinff 
in  Parmdia  parieUnay  it  has  also  been  oJled  parieUne  and 
parietinie  adoL  LfOeoUne,  the  colouring  principle  of  Be9$da 
Meola  or  Wood,  is  volatile  aind  crystaUisable.    Qmrdirme, 
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hem  the  baik  of  Qmreus  tinetoria  in  crystallme,  and  its  com- 
position is  Ci  0  Hs  0»,  HO.  Other  yellow  eolonrinff  matters 
are  Monne,  from  Monu  HnOoria  ;  i^fiower  yelloWy  nom  Car- 
tkammMtmetarius;  Po^yehraUe  fxvm  aajfrmtj  snd  otiiers  of  less 
interest 

2.  Bed  colourmg  xmtten. 

Draccnkie,  or  Dragon^  blood,  is  a  red  gnm  resin,  from  I>ra' 
ccena  draco.  It  is  much  used  to  colour  varnishes.  tSantaline, 
tKe  colouring  matter  of  Pierocarpui  aantaUnus,  is  also  resinous, 
and  has  an  mtense  red  colour.  Anchunney  from  Anchusa  tine- 
t9ria,  is  the  source  of  the  colour  of  alkanet ;  it  is  resinous  and 
jields  violet  vapours  when  heated.  Carthamine  is  the  red 
colouring  matter  of  safflower,  Carthamus  tinctorius.  It  is  a 
very  fine  and  intense  red,  much  used  for  dyeing  rose  colour, 
for  pink  saucers  and  for  rouge^  at  least  the  rouge  v^geUde, 

Madder y  the  root  oiRvbia  tincioritim,  contains  three  different 
ted  colouring  matters,  madder  purple,  red,  and  orange.  All 
three  are  volatile,  and  the  sublimed  crystals  of  madder  red, 
which  are  of  a  &ie  orange  red  colour,  are  called  alizarine. 
This  is  the  substance  whicn  yields  the  turkey  red  dye.  With 
alkalies  it  yields  purple  or  violet  colour,  with  acids  vellow. 
When  dissolved  in  hot  water  or  alcohol,  alizaiine  yields  rose- 
coloured  solutions.  The  composition  of  pure  madder  red  is 
unknown. 

Hcematoa^line  is  the  red  of  logwood,  Hosmatoafylum  eampecfd* 
amun.  It  is  soluble  in  water  and  alcohol,  and  yields  oraiige 
crystaJs,  which  give  to  water  a  red  colour,  bri^tened  by  acids 
and  turned  to  a  violet  or  blue  hj  alkalies.  With  alum,  log- 
wood yields  various  shades  of  violet ;  with  an  .iron  mordant, 
flrey  and  blacL  Black  cloth  and  hats  are  dyed  with  it,  which 
IS  Uie  reason  they  are  reddened  by  acids.  According  to  £rd- 
mann,  pure  hsematoinrline  is  pale  yellow,  and  is  coloured  red 
hv  the  atmosphere.  Its  formula  he  found  tobe  C4oHi»  Ois. 
when  acted  on  by  ammonia  it  yields  hasmateifys,  which  is  dark 
red,  and  forms  wiUi  excess  of  ammonia  a  splendid  purple  matter. 
Hsemateine  is  CtoHisOis;  and  the  purple  compound  with 
ammonia  isC4oHic0ie+2  NH*  +aq-  Brazilwood  and  Cam- 
tooodjieXdi  colouring  matters  very  similar  to  hsematoxyline,  if 
not  identical  with  it. 

Many  flowers  contun  a  red  colouring  matter,  which  is  turned 
green  by  alkalies,  and  is  very  fugitive.  It  is  soluble  in  water 
and  alcohol. 

8.  Bine  oolottring  matteif  • 
These  are  chiefly  found  in  flowers  and  fraits.    They  are 
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Tefy  closely  allied  to  the  red  of  flowen  and  firnits,  which  aie 
no  doubt  often  deriTed  from  them  by  the  action  of  adds. 
They  aie  all  turned  green  by  aUcaliea  and  red  by  acids.  Sneh 
blue  colouring  matters  as  are  more  permanent  contain  nitro- 
gen, and  will  be  considered  hereafter. 

4.  Green  colouring  matter.  ChlorophjIL 
This  is  the  green  of  leaves.  It  is  of  a  nature  allied  to  thst 
of  wax,  soluble  in  ether  and  alcohol,  insoluble  in  water.  It  k 
Tery  neutral  or  indifferent  in  its  relations  to  other  substances. 
Pofyehrome  is  the  name  given  to  a  peculiar  crystalline  prin- 
ciple found  in  some  vegetables,  such  as  quassia.  It  gives  t) 
water  the  quality  of  exhibiting  a  curious  play  of  colours,  amon; 
which  blue  predominates,  like  that  of  the  opal,  when  the  solu- 
tion is  viewed  by  reflected  light;  1  part  will  give  this  propertr 
to  1,500,000  of  water.  Its  formula  is  said  to  be  Ci  •  Hs  O9, 
HO,  which  is  the  same  as  that  of  ^[UercUrine,  and  contains 
2  eq.  of  oxygen  more  than  the  apcretme  of  rhnbaib. 

MON-AZOTISED   VEOBTABLK  OOMPOUNOS,   THE   NATVBB  OF  WmOH 
IS   NOT  TET  ABOERTAINEO. 

In  this  subdivision  may  be  included  a  number  of  com- 
pounds, most  of  which  crystallise  and  have  a  bitter  taste,  but 
/     are  neutral  and  cannot  yet  be  referred  to  any  particular  series 
/     of  compounds.    Salicine,  phloridzine,  and  rhodeoretine,  whidi 
/      would  formerly  have  been  here  described,  are  now  treated  of 
(      along  with  substances  allied  to  them.    The  substances  now  to 
be  briefly  mentioned  have  usually  been  termed  the  bitter  and 
extractive  principles  of  plants. 

GenHaninef  from  ChaUana  lutea,  fomis  yellow  needles,  veiy 
bitter.  MenyanMne,  from  Menyaiahet  trt/iliataj  is  bitter,  but 
does  not  crystallise.  AbsifOhintj  from  Artemisia  oMtiMmm  or 
wormwood,  is  a  semi-crystalline  mass,  veiy  bitter,  soluble  in 
\  alcohol.  TanaceHne,  from  Thmaeetum  vuhare,  is  very  similar  to 
I  it.  ^nj0fifn«  is  a  beautifully  ciystallisable  compound,  obtained 
[  fram  Artemisia  contra.  It  is  soluble  in  alcohol,  bitter  to  the 
taste,  volatile,  and  coloured  yellow  by  the  action  of  light.  -Popji^- 
line,  from  the  bark  and  leaves  of  Popvlfu  tremula^  forms  white 
crystals,  of  a  sweetish  and  acrid  taste,  coloured  red  by  sulphuric 
acid.  It  may  possibly  be  connected  with  salicine.  L^odm 
drine  is  a  crystalline  bitter  substance,  from  the  bark  of  Liriodem- 
droH  tuNpifera,  Pierolichenine  is  an  intensely  bitter  crystal- 
line compound,  found  in  the  lichen  Faritdaria  amara.  It  is 
principally  febrifuge.  In  contact  with  ammonia  and  without 
the  access  of  air,  it  is  changed  into  «  xeddiah-yeUow  mnttsr. 
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which  fiiuJly  deposits  yellow  crystals,  not  bitter.  With  aoosss 
of  air,  it  ^elds  with  ammonia  a  dee^xed  very  soluble  matter. 
Cettanne  is  another  bitter  principle^  from  the  lichen,  Cetrwria 
likmdieaf  or  Iceland  moss.  It  is  coloured  deep-bine  by  hydro- 
chloric acid.  It  is  said  aUo  to  be  febrifuge.  lUcmdy  ucmllea^ 
aquifolium,  fonns  brownish-yellow  crystals  reiy  bitter  and 
febnfu^.  Syfingtne  is  the  bitter  princii>le  of  the  blao. /%rifujra 
vulfforts.  It  is  crystalline  and  soluble  in  alcohol.  Ikijphmne 
IB  a  bitter  crystalline  substance,  obtained  from  Daphne  Jfes»> 
fVOM.  Huperidme  is  a  crystalline  body  found  in  the  spongy 
envelope  of  oranges  and  lemons.  EkUerine  lA  the  actiye  prin<^ 
ciple  of  Momoraiea  daterium,  is  crystalline,  bitter,  and  very 
pojqgatiTe.  Its  formula  is  Cto  Hi4  Oc.  Goheyfithuie,  the 
aetiye  principle  of  coloCTnth,  is  amorphous,  intensely  bitter  and 
purgatire.  BrycmMj  mm  Brycnia  aiba  and  dioka,  is  similar 
in  its  properties.  Mudarme  is  the  emetic  principle  of  (kk/tro- 
pis  midaini.  It  is  a  brown  amorphous  matter,  the  solution  of 
which  in  water  gelatinises  at  96**  and  becomes  again  liquid  on 
cooling.  SciUUine  is  the  bitter  of  SeiUa  maritima.  It  is  amor- 
phous, bitter,  purgative  and  emetic.  Oathartine  is  the  bitter 
purgative  principle  of  seima.  Antiarine,  Ci  4  Hi  s  Os,  is  the 
active  principle  of  the  poison  called  Upas  anHar,  It  is,  when 
introduced  into  a  wound,  especially  along  with  soluble  matters 
such  as  sugar,  a  most  powerful  poison,  and  hitherto  no  means 
are  known  by  which  its  fatal  action  can  be  arrested. 

Zatitkopicrins  is  a  bitter  crystalline  substance  from  the  bark 
of  Zaniho^hm  Claoa  HemOu.  It  has  been  litUe  studied. 
JPierotosrinSy  the  bitter  principle  of  Mmupermum  cocctihu  (Ooty 
cuius  mdicus),  forms  white  prisms.  The  composition  of  these 
is  not  certain,  and  recent  researches  seem  to  show  that  picro- 
toxine  is  a  v^pstable  base,  and  contains  nitromi,  like  all  that 
dass  of  compounds.  Coklmbiue  is  a  crystalline  bitter  substance, 
obtained  from  cokmho,  the  root  of  Memspenmm  pdbmatum.  and 
somewhat  analogous  to  picrotoxine.  Quassins  is  a  yellow, 
crystalline,  and  very  bitter  substance  from  the  wood  of  Quassia 
amara.  Its  formula  is  said  to  be  Cto  Hit  0«.  .£i^9ti/tne,  the 
bitter  principle  of  hops,  is  not  crystallisable.  Laahwine  is  a 
crystalline  resinoid  bitter  substance,  from  the  juice  of  Ladusa 
vitraaa  (Laeiuearium).  It  has  anodyne  properties.  Erffoimen 
an  uncrystaUised  brown  powder,  extracted  from  ergot  of  rye  by 
hoi  alconol,  after  the  £itty  matters  have  been  removed  by  ether. 
It  appears  to  be  poisonous,  and  is  probably  the  active  nutter  of 
the  ergot.  PorpX^roanne  in  a  crystallisable  substance  found  in 
Bengal  opiunu  Its  solution  in  diluted  acids  becomes  red 
when  boiled.    It  requirw  farther  invectigBtion.   ^SiofiofiMie  is  a 
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peeoljtf  pnnciple^foimdmtherootof  iSbpoftOTM  ^It 

18  white,  amorphmiSy  and  hai  a  taate  fint  sweet,  then  styptic,  and 
finally  acrid.  It  is  a  poweiM  stenmtatoiy.  It  is  aolnUe  in 
water,  and  its  solution,  even  wiMm  mneh  ^nted,  froths  vrbML 
acitated,  like  a  solution  of  soap.  Theroot  is  used  as  a  deteigeBt 
When  acted  on  by  alkalies,  it  b  oonTsrted  into  an  acid,  aapcmie 
acid,  G««  H>s  Oit.  Atpar^g/ine,  C«  H«  N»  0«,  2HO,  iaa 
oystallisable  substance  found  in  aspaiagus,  in  AUkma  qffSdnaXg, 
and  in  other  plants,  especially  those  grown  in  thedaik«  When 
boiled  with  ai kalies  it  loses  ammonia,  N  H  j ,  and  forms  a^Mwik 
ooc^CtH*  N0«,  2H0,whichisabibasicacid.  Theoystals 
of  asparagine  are  veiy  large,  colourless,  and  tnuu^ksreo^  also 
hard  and  brittle.  Not  only  alkalies,  but  acids  and  fenuali 
transfonn  it  into  aspartic  acid  and  ammonia.  tSMlaeim  is  a 
ciystalline  substance,  found  in  Smihus  tanapariUa.  Its  com- 
position is  Cis  Hi  a  Os.  In  CAtna  11000  there  is  found  a  aab- 
stance  very  analogous  to  smilacine,  the  composition  of  which  is 
Ci  s  Hi  •  64 :  thi^  is,  smilacine,  mimu  1  e<^.  water.  Senegtune 
is  an  acrid  and  astringent  substance,  found  m  PobMola  Menega, 
It  excites  sneezing  poweifolly.  Fonnnla,GtsHt8  0ii.  GnaM- 
cme  appears  to  be  the  active  principle  of  guaiacum.  It  ia  acrid 
and  bitter.  PUmbaginej  extracted  from  the  root  of  Phamhago 
0wropm<ij  forms  yellow  prisms,  the  taste  of  which  is  first  sweet 
and  stypic.  then  acrid  and  hot.  The  yellow  colour  of  its 
aqueous  solution  is  turned  cheny-red  bv  alkalies.  Clyt^amme  is 
a  ciystalline  matter  from  the  root  of  0gdam9n  europamm.  It 
is  yeiy  acrid,  purgatiye,  and  emetic.  P&ueedanitie  is  a  veiy 
acrid  ciTstalline  principle  derived  from  the  root  of  Peueedammm 
i^fkinak  Formula,  €«  H*  O.  /mMra«ortiM,C>4  Hi»  Ot,]s 
a  ciystallisable  compound,  obtained  from  the  root  of  Iiimrth 
toria  oOruthium,  It  is  very  acrid  and  styptic.  PAU^fHmSy 
from  the  bark  of  various  species  of  PhilfyrM^  ciystallises  in 
silveiy  scales,  which  are  bitter.  JF^rtmnine,  from  the  bark  of 
Praadnui  excelsior ^  is  a  ciystallisable  bitter  principle.  Tam^kime 
ia  a  similar  substance  from  TangMma  maaagoicarieMU.  It  is 
poisonous.  Melampgrine  is  a  tasteless,  neutral,  crystalline  sub- 
stance, from  Afelatiysjgrum  nemorosttm,  Meoonme  is  a  neutral, 
crystalline  compound  contained  in  opium.  It  is  soluble  in 
water,  alcohol,  and  ether.  It  is  acrid  to  the  taste,  fusible,  and 
volatile  Formula,  Cio  Ht  O4.  With  nitric  acid  it  yidds 
fiAromeoofitMornij^nMieeoMicacidyCto  HsNOifl.    Asi 


>TQ   Oa;  in 

which  ]  eq.  hydrogen  is  replaced  by  1  eq.  nitrous  acid.  Cblonae 
tiansfonns  meoonme  into  crystals  containing  chlorine^  wliidi| 
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howerer,  by  the  action  of  alkafiesy  jield  an  acid  free  from 
chlorine,  mecUoic  acid,  C i «  Hr  0 1  o  ? 

Cubebine,  Cj  «  H  i  r  0 1  o,  is  a  crystalline  compound  contained 
in  cnbebs.  OHvile,  Cis  H»  EI4,  is  a  crystallisable  acrid  sab- 
stance,  fonnd  in  the  gun  of  the  oliye-tree.  OHmne  is  another 
ciystalline  matter  foimd  on  the  leaves  of  the  same  plant.  It 
is  Ditter.  Cnieine  is  a  crystalline  matter,  found  in  Gmtaurea 
benedictOy  and  in  the  numerous  family  of  the  Qmaraeephalecg, 
It  is  neutral  and  bitter,  and  very  similar  to  columbine.  Its 
fonnulaisGt«Hi8  0io,orC4»  Htr  On  land  in  some  respects 
it  approaches  to  salicine  and  pUoridzine ;  but  it  requires  further 
inyesti^tion.  Limanine,  or  Limoney  a  bitter  crystalline  matter 
found  m  the  seeds  of  oranges,  lemons,  &e.,  is  C«tH«sOis, 
when  reduced  to  42  eq.  carbon.  This  would  be  Cnicine,  mimu 
S  eq.  water.  AngeUdne  is  a  ciystallised  compound  found  in 
angelica  root 

Besides  the  above,  which  have  merely  been  briefly  catalogued 
for  want  of  space,  at  least  an  equal  number  of  substances, 
chiefly  ciystalUsable,  and  either  bitter,  acrid,  or  in  a  few  cases 
tasteless,  nave  been  extracted  by  various  chemists  from  many 
difierent  genera  and  species  of  plants,  but  have  been  so  little 
examined  hitherto  that  we  cannot  safely  describe  them  as 
distinct  and  peculiar. 

NrraOOXNISlD  0OlX>UaiMG  IfATTBBS,  AND  ALLIBD  BUBSTANOBS. 

^  There  are  several  fine  and  valuable  colours,  which  contain 
nitrogen  as  an  essential  element,  and  probably  in  the  form  of 
ammonia  or  amide.  Such  colours  are  arehily  lUmnUy  and  cuA^ 
hear,  derived  from  certain  species  of  lichens ;  and  indipo,  derived 
from  the  juice  of  various  ^ants,  especially  different  species  of 
inSiMfera,  All  these  colours  are  derived  from  colourless  com* 
poandB,  fiequeniljr  of  an  acid  nature,  by  the  combined  action 
of  air  and  anmionia.  Of  these  colourless  substances,  the  most 
important  are,  leeanorie  aeid,  etythrie  add,  and  oreine, 

1.  Leeanorie  aeid,  or  Leeanorine,  occurs  in  Leeanora  tartarea, 
Fariolaria  laetea,  and  other  lichens.  It  is  extracted  by  ether, 
along  with  another  acid,  parell4e  acid,  and  a  fatty  matter 
coloured  fpneen  by  chlorophyll.  It  forms  minute  white  ciystals, 
insoluble  m  water,  soluble  m  alcohol  and  ether.  Its  formula  is 
Ci»H»0t,H0=sGitH»09.  When  heated  to  212"  it  becomes 
anhydroQS,  Ci  a  Ht  Oa.  When  heated  with  alkalies,  such  as 
baryta,  a  carbonate  is  deposited,  and  a  sweet  substance  remains 
dissolved,  which  crvstallises  on  evaporation.  This  is  wreine, 
which  is  fonned  along  with  carbonic  acid,  according  to  th# 
laUowing  equation :-— 
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Gi8  Ha  Oa  =2C08  +  Gxe  Ha  O4 


Anbjdrou  lecaaoric  add.  Aahydrooa  oreiBa. 

The  same  change  takes  place  when  leeanoric  acid  is  boiled  wiA 
water,  and  for  this  reason  orcine  alone  is  obtained  when  tht 
lichens  are  extracted  by  that  solvent. 

By  the  combined  action  of  air  and  ammonia^  leeanoric  acid 
is  gradnally  changed  into  a  deep  rich  blae  or  purple  maaa. 
Here  orcine  is  fint  produced,  and  by  the  action  of  ammonia 
on  that  compound^  oroeine,  the  blue,  compound,  is  formed. 
When  heated,  leeanoric  acid  yields  a  sublimate  of  anhydnms 
orcine.  When  boiled  with  alcohol,  it  is  gradually  couTerted 
into  the  following  compound. 

2.  LeoanoraU  of  ande  of  eikyle.  Stn.  Pseudoeiytkrme  <f 
Heeren;  Erythrine  ofKane, — This  compound  is  fozmed  when 
leeanoric  acid  and  tne  lichens  containing  it  are  boiled  with 
alcohoL  It  is  soluble  in  hot  water,  from  which  it  ciystalliaes 
on  cooling,  and  the  solution,  after  long  boiling,  contains  ordne. 
It  may  be  sublimed  unchanged,  and  when  boiled  with  alkalies 
it  yields  alcohol,  carbonic  acid,  and  orcine.  Its  true  nature 
was  discovered  by  Schunck,  who  also  first  detected  leeanoric 
acid.    ItsfonnulaisG.f  Hi.09=C«H5  0  +  CiaHaOa. 

LeocmonsU  of  osi^  of  metfyle  is  analogous  to  the  preceding 
compound. 

3.  Orcine  forms  large  transparent  cxystah,  is  veiy  soluble  in 
water,  and  has  a  sweet  taste.  When  uihydrous,  it  may  be  dis- 
tilled nnchanced.  When  mixed  with  ammonia,  and  exposed  to 
the  air,  it  gradually  acquires  a  deep  blood-red  colour,  fonning  a 
nitrogeniBM  colouring  matter,  orc^'ne,  soluble  in  anmioniawith 
a  deep  red,  in  &Lea  alkalies  with  a  rich  violet  colour,  the 
fonnuia  of  which  is  Ci  s  NH»  Or.  The  production  of  mhy- 
drous  orcine  from  leeanoric  acid,  by  boinn^^  with  barytay  or 
even  by  boiUiu;  with  water,  has  been  descnbed  above*  Bui 
the  ciystals  01  orcine,  as  deposited  from  its  aqueous  solution, 
araahydrate.CieHii07  =  CioHs04+3HO.  It  is  this 
hydrate  which,  with  the  addition  of  5  eqs.  of  oxygen,  and  1  eq. 
of  amm<mia,  yields  orceine  and  water. 

CieHixOf  +  Oa  +  NHs  =r  CiaNHaOT  +  5HO 


Hydxatad  aiciiia.  Onalnaw 

Ordne  fonns  with  oxide  of  lead  a  compound,  the  fivmnla  of 
which  is  Cie  Ha  O4  -f  3  Pbo. 

4.  PareUie  add. — ^This  add  aceompMiies  leeanorie  acid. 
It  forms  either  minute  ciystals,  the  fonnnla  of  which  it  C«i 
Ha  Oio,  or  laige  hydrated  ciystals,  whieh  an  f 
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of  great  demdty.  The  fonniila  of  the  latter  is  G«  i  H»  Oi  i  = 
C.t  Ha  Oio,  HO.  When  heated  to  2l^y  both  klnda  lose 
water  and  become  C*  i  Hy  0»,  which  is  probably  the  formnla 
of  the  anhydrous  acid. 

With  ammonia,  parellic  acid  becomea  brown,  and  when 
heated  with  fixed  alkalies,  it  yields  earbonic  acid,  and  other 
prodacts,  not  investigated. 

5.  Erythric  add,  Stn.  Erythrme  of  Heermi  ;  ErytkrUine 
ofKiMM  ;  Orctno-lecanorie  acid.  This  add  is  fonnd  in  Par^ 
meUa  roeceUa,  and  RocceUa  tmctana,  the  latter  being  the  lichen 
which  yields  the  best  archiL  It  may  be  extracted  by  hot 
water,  and  purified  by  alcohol.  It  ctystallises  from  alcohol  in 
stellated  gronps.  Its  solutions  are  decomposed  by  boiling, 
yielding  a  bitter  compound,  picroerythrine.  When  neated,  it 
yields  a  sublimate  of  orcine,  and  when  boiled  with  alkalies,  it 
IS  resolved  inte  carbonic  acid  and  orcine.  When  boiled  with 
alcohol,  it  yields  lecanorato  of  oxide  of  ethf  le.  All  these  facta 
indicate  a  close  relation  to  lecanoric  add,  and  Schunck,  who 
discovered  the  eiythric  add,  has  pointed  out  that  its  formula, 
Ca4  H]  »  Oi  5,  represente  a  compound  of  1  eq.  lecanoric  acid, 
and  1  eq.  orcine.  It  is  probably  therefore  a  coupled  add, 
ordno-lecanoric  add. 

CisHsOs  +  CieHiiO?  =Cs4Hi»0xft 

Lannorle  add.  Hjdntod  ordin.  Oidiio-lMaaofle  add. 
It  combines  with  4  eqs.  of  oxide  of  lead,  three  of  which  pro- 
bably unite  with  the  ordne,  and  the  fourOi  with  the  lecanoric 
add.  When  bdled  with  alcohol,  it  is  resolved  into  lecanoric 
add,  which  unites  with  oxide  of  ethyle,  and  orcine,  which  is 
found  in  solution.  It  must  also  yield  ordne  in  large  quantify 
^en  boiled  with  baryta,  in  which  case  it  loses  2  eqs.  of 
carbonic  add,  and  takes  up  3  eqs.  of  water. 

Cs4Hx9  0ia  +  8HO=:2(Gi6HiiOO  +  2  00* 

, ^  , 

Biythrle  add.  Hydimted  ordne. 

In  other  words,  the  orcine  ready  formed  is  separated,  and 
the  lecanoric  add  undergoes  the  change  formerly  described. 

Erythric  or  orcino-lecanoric  add  is  the  most  important  of  all 
the  prindples  found  in  lichens ;  but  from  the  fadlity  with 
whicn  it  is  altered  by  boiling  with  water  or  alcohol,  but  little 
of  it  can  be  extracted  unchanged.  When  acted  on  by  ammofua, 
Bo  as  to  yield  the  blue  matter  of  orchil,  the  lichens  conteining 
this  add  obviously  yield  a  larp  proportion  of  the  compound  of 
oroeine  with  ammonia,  on  wmch  the  colour  depends.  Hence 
their  superior  quality. 
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Variolanne  in  the  name  given  to  a  rabiBtanoe  obtamed  1^ 
Robiqnet  from  Fandaria  dealbata.  It  has  been  little  studied, 
and  is  probably  identical  with  some  of  the  componnds  above 
described. 

6.  Pieroefyihrine,  6tn.  EfyihrviMlter  ofHearm,  Amaryf- 
ikrine  cf  Kane. — This  compound  is  fonned  when  eiythric 
acid,  or  the  lichens  containing  it,  are  boiled  with  water,  and  is 
the  cause  of  the  bitter  taste  of  the  decoction.  When  boiled 
with  baryta  it  yields  orcine  and  carbonate  of  baiyta,  and  when 
heated,  it  yields  a  snblimate  of  orcine.  This  is  eausily  explained 
by  its  formula,  which  is  Cj4  Ht^Otoythat  is,  erythnc  add, 
pius  5  eqs.  of  water.  For  the  exact  knowledge  of  all  the  pre- 
ceding substances  we  are  indebted  to  the  recent  researches  of 
Schunck. 

7.  Usnic  Acid.'-^Thjs  acid  is  found  in  many  lichens,  snch 
as  Lu^m  ranaifBrmiua,  and  in  many  species  of  UsneOy  Rama^ 
Una,  Parmelta,  Biatora,  Lecidw,  Alectora,  EpemiOy  and  Cla^ 
donia.  It  is  extracted  by  ether,  and  forms  sulphur  yellow 
ciystals,  insoluble  in  water  and  alcohoL  Like  the  other  acids 
of  the  lichens,  it  yields  coloured  compounds  under  the  inflnoice 
of  air  and  anmionia  or  fixed  alkalies ;  but  these  appear  to  eon- 
tain  no  nitro^n,  and  are  not  blue  or  puiple,  but  red.  It  cannot 
be  made  to  yield  orcine,  so  £sr  as  is  yet  known.  Its  formula  is 
Cat  Hi 7  Oi 4,  which  corresponds  to  2  eqs.  of  lecanoiic  acid, 
phis  Cs  H«,  and  minus  OtZ 

8.  Chrysophanic  Add. — ^This  is  another  ciystallisable  add 
found  in  ParmeKa  parietuia.  It  forms  golden  yellow  aystals, 
and  with  alcoholic  solutions  of  potash  and  ammonia  yields  a 

flendid  red  colour.  Its  formula  is  Ci  o  Hs  Os,  that  is  4^  (C»o 
I «)  naphthaline,  plus  3  eqs.  of  oxv^.  Its  salts  are  blue  or 
Tiolet  when  dry,  led  in  solution.  This  add  has  also  been  fotmd 
in  rhubarb  by  Schlossberger  and  Doepping.  This  and  the  pre- 
ceding acid  were  discovered  in  the  lichens  by  Bochleder  and 
Heldt 

9.  Archil  contains,  according  to  Kane,  two  blue  compounds, 
which  he  calls  alphcH>rceine  and  ^a-oroA'n^  Cis  Hi  o  NOs, 
and  Ct  •  Hi  o  NOs  ;  besides  a  third  of  an  acid  nature,  erythfth 
leic  acidf  Ca  B  K7 1  Os. 

10.  Litmus  contains,  according  to  Kane,  a  red  fluid,  erf- 
throleine,  C**  Hst  0« ;  and  three  solids,  of  a  purple  colour, 
erythrohtminef  C9 9  E.a»  0>8  ;  agoUtmney  which  contains 
nitrogen,  and  is  the  principal  constituent  of  litmus;  and 
9pa$MMmine,  Ci  s  Hr  Oi«.  According  to  G^Us,  litmus  con- 
tains three  colouring  matters,  one  soluble  in  ether,  which  is 
orange  red ;  one  soluble  in  alcohol,  blood  red,  and  one  soluble 
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ki  water,    Theseeoiidifltlwcliief  ingtedieiitof  thedye.    All 
give  blue  oompoimds  with  alkalies. 

11.  Phloriaeime  is  the  deep  blue  compound  fonaed  from 
phloridzine  by  the  action  of  air  an  ammonia.  Its  fonnnla  is 
C«»H.»N.O«<i. 

12.  Indigo, 

This  valuable  dye  has  been  long  known ;  but  it  is  only  since 
1827  that  its  chemical  relations  have  been  accurately  studied. 
No  substance  in  the  whole  range  of  chemistry  has  yielded  a 
greater  variety  of  most  interesting  products ;  and  the  study  of 
the  metamorphoses  of  indigo  has  already  thrown  much  light 
on  the  laws  of  the  decomposition  of  oiganic  substances.  For 
what  is  known  on  this  subject,  we  are  indebted,  first,  in  point 
of  time,  to  Chevreuil,  Runge,  Walter  Grum,  Liebig,  Berzelius, 
and  Dumas ;  more  lately,  and  in  an  especial  manner,  to  the 
comprehensive  researches  of  Erdmann,  Fritzsche,  and  Lai^rent; 
the  kst  of  whom  has  made  known  several  interesting  series  of 
new.  compounds  derived  from  indigo,  and  has  both  confinned 
and  extended,  as  well  as  corrected,  in  some  cases,  the  previous 
results  obtained  by  Erdmann ;  still  more  recently,  Hoffmann 
and  Mnspratt  have  greatly  extended  our  knowledge  of  the 
derivatives  of  indigo. 

Indigo  is  obtained  from  various  plants^  chiefly  of  the  genus 
indiffi^era,  as  /.  tinctona,  anil,  argerOea,  &c.,  but  also  of  other 
ffenera,  as  Nerium,  IsatiSf  Perguiaria,  Gymnema,  PoUfgmwm^ 
Tephrogia,  Amorpha,  and  others.  In  the  juice  of  these  plants, 
it  exists  in  the  form  of  a  colourless  soluble  compound,  probably 
a  compound  of  white  indigo  with  an  alkali.  When  exposed  to 
the  air,  it  is  converted  into  the  blue  compound,  and  becomes  at 
the  same  time  insoluble,  just  as  in  an  artificial  solution  of  white 
or  reduced  indigo  in  an  alkali.  The  manufacture  of  indigo  is 
not  thoroughly  understood,  but  it  would  appear  that  ammonia, 
as  well  as  air,  contributes  to  the  formation  of  the  colour,  pro- 
bably hy  converting  into  white  indigo  some  compound  present 
in  the  fresh  juice,  the  nature  of  which,  however^  is  still  uncer- 
tain. In  the  Antilles  and  in  the  East  Indies,  the  leaves  are 
made  to  ferment  in  water,  during  which  much  ammonia  is 
formed,  and  the  indigo  is  found  in  the  soluble  state,  ready  to 
become  blue  and  insoluble  by  absorbing  oxygen.  But  in  North 
America,  the  dried  leaves  are  infused  in  warm  water,  or  boiled 
with  water,  till  the  liquid  becomes  green,  when,  on  exposure 
to  the  air,  it  deposits  blue  insoluble  indigo.  Here  the  same 
chuige  must,  in  ^at  part  at  least,  have  taken  place  during 
the  ^ying,  as  dnnng  the  feimentation  of  the  other  process. 
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The  indigo  of  commeroe  ia  &  deep  blue  powder,  often  eober- 
ing  in  cakes,  and  exhibiting,  when  poliahed  by  rubbing  with  the 
nul  or  any  hard  snbetance,  a  ooppeiy  eolonr  and  Instie.  It  is 
tasteleas  and  inodarone,  inaolnble  in  water,  and  nearly  so  in 
alcohol  and  ether.  It  may  be  puzified  hj  treating  it  raoces- 
■iyely  with  boiling  dilated  aolphniic  acid  and  with  water, 
which  remove  a  datinons  matter ;  with  aqoa  potassa,  at  a 
gentle  heat,  which  diasolTes  a  brown  coloniing  matter;  and 
with  boiling  alcohol,  which  takes  np  a  red  colooxing  matter. 
When  fresh  alcohol  becomee  no  longer  red,  bat  bine,  the  indigo 
is  as  pare  as  it  can  be  made  b^  snch  means. 

To  porify  it  still  farther^  it  is  dieted  with  water,  lime,  and 
grape  or  starch  sogar,  which  deoudiaes  or  reduces  the  indigo, 
while  the  lime  combines  with  the  reduced  indiso,  forming  a 
soluble  compound,  of  a  wine  yellow  tint.  This  being  filtered 
into  dilute  hydrochloric  acid,  which  removes  the  lime,  depoeits 
pure  indigo  as  a  blue  powder.  Cloth  steeped  in  the  above  solu- 
tion of  indigo,  and  exposed  to  the  air,  is  quicklj  dyed  blue,  as 
the  indigo,  at  the  moment  of  being  rendered  insoluble,  com- 
bines with  the  fibre  of  the  cloth,  to  which  it  adheres  very 
firmly,  so  that  it  cannot  be  washed  away.  If  indigo,  grape 
sugar,  soda,  and  alcohol,  be  digested  together  in  proper  pro- 
portions, a  yellow  solution  is  obtained,  which,  when  exposed 
to  air,  deposits  pure  indigo  in  ciystals.    (Fritzsche.^ 

Pure  indif[o,  when  rapidly  lieated  on  a  slip  oi  j^latinum, 
volatilises,  yielding  purple  vapours,  which  condense  m  purple 
ciystak  on  a  cold  surface.  These  crystals  are  called  Indigotine : 
but  they  are  nothing  else  than  sublimed  indigo,  and  have  all  the 
chemical  characters  of  pure  indigo.  When  distilled,  indigo 
yields,  among  other  products  common  to  all  nitrogenised  organic 
matters,  a  very  curious  oily  liquid,  of  powerfally  basic  properties, 
and  forming  salts  with  acids  which  ciystaUise  with  aingnlar 
&cility.  This  base  is  aniline  (benaidamf  aygtaUinSj  h^amol), 
and  is  found  in  the  oil  of  coal  tar.  as  well  as  in  the  prodncts  of 
distillation  of  many  nitrogenised  oodies. 

Oil  of  vitriol  dissolves  indigo  with  a  deep  blue  colour,  fonning 
two  blue  acids.  This  solution  is  much  used  in  dyeing.  Nitric 
add,  chloric  acid,  chromic  acid,  chlorine  and  bromine,  all 
dissolve  indigo,  giving  rise  to  oxygenised  and  chlorinised  or 
brominised  products,  all  of  which  are  yellow  and  orange- 
coloured.  When  boiled  with  strong  aqua  potassa,  indigo  is 
also  oxidised  and  dissolved  in  the  form  of  new  acids. 

When  placed  in  contact  with  deoxidising  or  reducing  agents, 
such  as  protosalts  of  iron,  tin,  and  manganese,  or  honey  and 
grape  sugar,  along  with  an  alkali  such  as  soda  or  lime^  indigo  is 
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deooloriaed  and  dissolved  in  combinatioxk  with  the  alkali.  The 
addition  of  dilated  hydrochloric  acid,  air  being  carefully  ex<^ 
eluded,  precipitates  reduced  or  whiU  indigo. 

White  or  reduced  indigo,  Ci  s  Ho  NO9,  obtained  as  above 
described,  is  a  crystalline  powder  of  a  dirty  white,  which,  if 
washed  with  water  previously  boiled  to  expel  air,  and  cooled 
in  closed  vessels,  and  dried  in  vacuo,  is  bluish  externally,  but 
grey  within.  The  blue  parts  being  removed,  the  remainder  is 
reduced  indigo.  When  moist,  it  veiy  rapidly  passes  into  blue 
indigo,  oxygen  being  absorbed :  when  dry,  tne  change  is  more 
slowly  effected.  It  is  insoluble  in  water  and  acids,  veiy  soluble 
in  alkEkline  solutions ;  its  solutions,  if  exposed  to  the  air,  deposit 
pnre  indigo  blue,  as  a  powder. 

The  first  accurate  analysis  of  indigo  blue  was  made  by  Walter 
Cram ;  and  his  results  have  been  confirmed  by  all  succeeding 
experimenters.  The  formula  now  adopted  for  indigo,  as  agreeing 
best  with  its  numerous  metamorphoses,  is  one  first  proposed  by 
Dumas;  namely,  d  «  Hs  N0«.  This  formula  is  the  same  with 
that  of  cyanide  of  benzoyle,  or  of  benzile,  Ci4H50t  +  CsN 
=  C, alls  NO.. 

The  relation  of  white  indigo  to  blue  indigo  is,  according  to 
one  view,  the  same  as  that  of  hvdnret  of  benzoyle  to  benzoyle, 
or  of  alloxantine  to  alloxan.    Thus  we  have 

Benzoyle  Ci4Ha  O2  Hyduret  of  Benzoyle  Ci 4  Ha  O2  -f-H 
Alloxan  Cs  H4  N»  Oio  Alloxantine  .  .  Ca  H4  Ns  Oio  +  H 
IndigoblneCiaHa  N   O2    Indigo  white       .     .CiaHaN   Oa   +H 

According  to  another  hypothesis,  white  indigo  is  the  hydrate 
of  an  inferior  degree  of  oxidation  of  the  same  radical  of  which 
blue  indigo  is  the  higher  oxide.  Blue  indigo,  on  this  view,  is 
Ca a  Hs  N  +  Os,  and  white  indigo  is  a  hydrate  Ci  a  Hs  N  + 
O  -f  HO.  This  latter  view  is  the  more  probable,  not  only  in 
regard  to  indigo,  but  also  in  renird  to  alloxan,  for,  assuming  uryle 
to  be  C. N,  04=  Ul,  alloxan  will  be  Ul  +  0.  +  4  HO,  and 
alloxantine  will  be  Ul  +  O  +  5  HO. 

The  action  of  grape  sugar,  in  reducing  indigo,  teUs  in  favour  of 
the  latter  hypo£esis.  For  if  white  indigo  is  blue  indigo  plug 
hydrogen,  this  hydrogen  is  derived  from  water,  the  oxygen  of 
which  must  have  combined  with  the  hydrogen  of  the  su^  (to 
convert  the  sugar  into  formic  acid,  which  is  produced  in  this 
operation).  Here,  then,  we  idiould  have  oxygen  leaving  hydrogen 
to  combine  with  hydrogen,  or,  in  other  words,  water  produced 
and  decomposed  at  the  same  time,  which  is  in  the  highest 
decree  improbable.  To  demonstrate  this,  let  the  radical  of 
Inougo  be  assumed  to  be  Anyle  =  Ci  a  Ha  N  s  An :  let  blua 
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indigo  be  AnOty  and  white  indigo  AnO«,  H  or  AnO,  HO. 
Then  12  eq.  of  blue  indigo,  12  of  water,  and  1  of  grape  sugar,  act 
on  each  other,  and,  according  to  the  Tiew  which  laakea  white 
indigo  the  hydnret  of  bine  indigo,  the  reaction  is  as  follows: 
12AnO. +  12HOH-Ci,Ht.O,a  =  12(AnO.,H)H-6(C. 
H  0  j)  4-  6  H  0.  In  this  explanation  it  is  evident  tliat  6  eq.  of 
oxygen  have  quitted  hydrogen  to  combine  with  bydrogen.  Oc 
the  other  view,  the  reaction  is  as  follows,  free  from  any  sock 
absurdity:  12AnO« +12H0+Ci«  H,.Oi.  =  12  AnO,H0 
+  6(C»  HO3)  -f  6  HO.  Herethel2eq.of  dentozideof  anyle 
(blue  indigo)  lose  12  eq.  oxygen,  which  are  replaced  by  12  eq. 
water ;  and  the  12  eq.  oxygen  acting  on  the  angar,  6  eq.  take 
6  eq.  hydrogen,  forming  water,  and  6  eq.  convert  the  rendne 
into  formic  acid.  The  student  will  bear  in  mind  that  C*  HOj 
is  the  formula  of  formic  add,  and  Ci  >  Hi  t  Oi  t  thai  oi  dij 
grape  sugar. 

We  shall  therefore  consider  white  indigo  as  the  hydiated 
protoxide  of  anyle  (Ci  o  Hs  N,  0  +  H  0),  and  blue  indigo  as 
the  anhydrous  deutoxide  (d  «  Hs  N,  Ot).  White  in^^  lorms 
compounds  with  bases,  in  which,  no  doubt,  its  hydiakic  water 
is  replaced  by  an  equivalent  of  metallic  oxide,  aa  m  thegenenl 
formula,  C 1 «  H  5  N,  0  +  M  0. 

ACTION  OF  SULPHTTEIG  ACID   ON  INDIOO. 

When  powdered  pure  indigo  is  added  to  15  jparts  of  oil  of 
vitriol,  and  gentlv  warmed,  a  deep  blue  solution  is  fanned, 
which  mixes  perfectly  with  water.  But  if  only  8  or  10  pazti 
of  acid  are  used,  the  addition  of  water  causes  the  deposition  of 
a  purple  powder,  while  a  blue  solution  is  obtained.  Tbe 
purple  powder,  which,  although  insoluble  in  dilate  add,  ii 
loluble  m  pur* 


soluble  m  pure  water,  is  sulphopurpuric  acid ;  the  blue  solution 
contains  two  adds,  sulphoindigotic  and  hyposulphoindigotic 
acids.  When  neutralised  with  potash,  these  adds  form  9ad% 
which  separate  from  the  liquia  when  it  is  saturated  with  any 
alkaline  salt,  such  as  acetate  or  carbonate  of  potash.  Hie  two 
blue  salts  may  be  separated  firam  each  other  by  alcohol,  but 
the  composition  of  the  hyposulphoindigotate  of  jwtaah  is  not 
known.  The  sulphoindigotate  appeurs  to  be  strictly  a  hypo- 
sulphoindigotate, and  its  formula  is  in  aU  probability  Ci«  H« 
N  0»,S.  Os  +  KO.  Here  the  indigo  has  lost  1  eq.  of  hydro- 
gen, and  the  2  eq.  sulphuric  acid  1  eq.  oxygen.  Dumas's  view, 
according  to  which  the  salt  is  a  double  su^hate,  analogoos  to 
sulphovinate  of  potash,  Gi«  H4N0,S0>  -i-KO,SO<,  is  not 
supported  by  the  chemical  relations  of  these  substances. 
Dumas  conjectured  that  indigo  blue  was  analogoos  to  akd^ 
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and  that  its  fonimla  was  Ci«H«N,0  +  HO.thebodyCie 
H4  NyO  being  analogous  to  oxide  of  ethyle.  Bnt,  as  already 
stated^  tius  Tiew  is  far-fetclied^  and  does  not  agree  with  the 
chemical  relations  of  indigo.  It  wonld  make,  for  example, 
white  indi^  C.5H4N,  0  +  H  + HO  or  CioNH^ +  2U0, 
both  most  miprobable  formnls. 

The  bine  solntion  of  indigo  in  oil  of  vitriol,  if  dilated  and 
digested  with  flannel  or  woollen  cloth,  is  entirely  deprived  of 
blue  colour,  while  the  cloth  is  so  effectually  dyed  that  the 
coloor  cannot  be  washed  ont.  It  can,  however,  be  dissolved 
from  the  cloth  by  carbonate  of  ammonia,  and  by  this  means  the 
anlphoindigotates  of  ammonia,  and  from  these  the  other  salts 
of  the  bine  acids,  are  prepared. 

The  snlphopnrpnric  acid,  according  to  Domas,  contains  the 
elements  of  2  eq.  solphnric  acid  and  2  eq.  indigo,  and  neutra- 
lises only  I  e<}.  of  base.  But  the  indigo  in  it  has  probably  lost 
hydrogen  (while  the  add  has  lost  oxygen),  or  hydrogen  and 
oxygen. 

PBODVOTS   or  THE  OXIDATION  OF  IMDIOO. 

IsaUne,  d*  Hs  NO4.  This  interestiiu^  compound,  which 
is  blue  indigo, /?Am  2  eq.  oxygen,  is  formed  by  digesting  indigo 
along  with  water,  sulphuric  acid,  and  bichromate  of  potash,  or 
by  heating  indigo  with  weak  nitric  acid.  It  dissolves,  and  the 
solution  on  evaporation  deposits  aurora^red  ciystals  of  isatine, 
sparingly  soluble  in  cold  water,  more  soluble  in  hot  water  and 
in  alconol.  By  the  action  of  chlorine,  it  yields  two  compounds 
in  which  hydrogen  is  partially  replaced  by  chlorine.  It  may 
be  volatilised  if  heatea  on  a  plate  of  metal.  When  acted  on 
by  a  stnmg  solution  of  potash,  isatine  is  dissolved  with  an 
intense  violet  colour,  whicn  on  addition  of  water  and  evapora- 
tion changes  to  yellow,  and  the  liquid  deposita  pale  yellow 
crystals,  which  contain  potash,  united  to  a  new  acid,  isatinic 
acid,  formed  from  isatme  by  the  addition  of  1  eq.  water. 
When  separated  from  its  salts  by  stronger  acids,  isatimc  acid  is 
at  once  resolved  into  isatine  and  water ;  but  if  isatinate  of  lead 
be  decomposed  by  sulphuretted  hydrogen,  and  the  filtered 
solution  evaporated  spontaneously  in  vacuo,  the  acid  is  obtained 
as  a  white  nocculent  powder,  wluch.  when  dissolved  in  boiling 
water,  instantly  becomes  red,  and  the  solution  on  cooling 
deposits  ciystals  of  isatine.  Isatinic  acid  is  d  •  H«  NOs  HO. 
Its  salts  have  the  formula  Ci «  Ha  NOs,  MO.  The  violet- 
coloured  compound  first  formed  when  isatine  acts  on  potash  is 
a  compound  of  isatine  and  potash,  which,  when  heated  with 
water,  soon  passes  into  isatinate  of  potash* 
L  L  1& 
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With  Bolphnrons  acid,  or  rather  ralphites,  isatine  forms  salts 
of  the  fonnnla  Cis  He  NO*,  2  SOt  +  MO ;  which  may  be 
formed  also  by  the  action  of  sulphurous  acid  on  isatinates. 

By  the  action  of  chlorine^  isatine  is  converted  into  two 
componnds,  chlorisatine  and  bichlorisatine.  When  chlorine  is 
passed  through  isatine  or  indigo  suspended  in  water,  both  these 
compounds  are  formed,  and  they  are  separated  by  ciystallisa- 
tion,  chlorisatine  beinff  the  least  soluble  of  the  two. 

CMorisatine,  C  i  e  <  q/N  0«,  forms  transparent  orange  yellow 

4-sided  prisms,  isomorohous  with  isatine,  and  Tery  analogous 
to  it  in  all  respects.  When  acted  on  by  potash,  there  is  first 
formed  a  deep  red  solution,  which  when  heated  soon  becomes 
yellow,  and  on  cooling  deposits  brilliant  pale  yellow  ciystals  of 

chloriMtinate  of  potash,  Ci«  I  q'NOs,  KO,  a  salt  perfectly 

analogous  to  isatinate  of  potash,  and  containing  an  acid,  dilori* 
satinic  acid,  which  is  chlorisatine, p/c»  1  eq.  water,  Cia  Hs  CI 
NOs.  Like  isatinic  acid,  when  separated  from  ite  salts  it  is 
speedily  resolved  into  chlorisatine  and  water.    ChlorisaUnaie 

of  silver,  Ci«  ^  q^'NOs,  AgO  forms  yellow  ciystals^  soluble 

.in  hot  water.    Chhrisatinaie  ofla/ryia,  Ci «  j  ^'NOs,  Ba  0, 

-f  3  aq.  fonns  golden  yellow  tables.  ChloHsatwaU  of  had,  C  i  • 

Iqi'NOs,  Pb  0,  when  first  precipitated  from  the  salt  of 

potash  by  nitrate  of  lead,  forms  a  gelatinous  yellow  precipitate, 
which  soon  becomes  floccnlent,  acquiring  a  splendid  scariet 
colour.  The  red  salt  is  crystalline,  the  yellow  amoiphous. 
Chlorisatinate  of  copper  forms  at  first  a  brownish  yellow  bulky 
precipitate,  which  soon  changes  to  a  heavy  granular  blood-ied 
powder, 
like  the  isatinates,  the  chlorisatinates  combine  with  the 

sulphurous  acid,  forming  salts  of  the  formula  Cie  )  q^^N  O*, 

2  SOf  +  MO.  In  short,  the  anal<^  between  isatine  and 
chlorisatine,  isatinates  and  chlorisatinate,  &c.  is  such  as  to 
famish  a  very  beautiful  example  of  the  substitution  of  chlorine 
for  hydrogen,  while  the  type  or  chemical  character  of  the  oom<' 
pound  is  unaffected.  In  bichlorisatine,  we  shall  see  an  addi- 
tional example  of  the  same  truth. 

BiehlorisaiiM,  Cio  Jqj'^NO*,  is  formed  along  with  the 

preceding  compound.    It  is  more  soluble  than  chlorisatine,  but 
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is  othoirise  remarkably  rimilar  to  it.  With  aqua  potasstt  it 
first  forms  a  deep  red  Bolation  (here,  as  in  the  case  of  isatine 
and  cfalorisatine,  a  compound  of  i\  with  potash),  which,  when 
heated,  changes  to  yellow,  and  on  evaporation  yields  yellow 
scales  of  a  i^t  composed  of  potash  and  bkhlorisaHnic  acid. 
The  acid  may  be  separated  by  stronger  acids  as  a  yellow  powder, 
which  when  dissolved  and  wanned  is  resolved  into  bichlorisatme 

and  water.    Its  foimula  is  Ci  e  j  ^^  NOs,  HO.    The  salt  of 

baryta,  Ci  e  j  q/  NOi,  BaO,  forms  golden  yellow  needles. 

The  salt  of  copper  is  at  first  bnlky  and  brown,  but  soon  becomes 
greenish-yellow  and  crystalline,  and  finally,  a  heavy  granular 
powder  of  a  fine  carmine  red  colour. 

Bichlorisatine  with  sulphites  forms  compounds  analogous  to 
those  above  mentioned  of  isatine  and  chlonsatine.  In  this  case 
also,  therefore,  the  type  is  perfectly  retained,  &lthoiigh  2  eq.  of 
the  hydrogen  of  isatme  have  been  replaced  by  chlorine. 

Bromine  acts  on  isatine,  and  forms  two  compounds,  hromi- 
satine  and  bUfronmatine,  entireljr  analogous  to  chlonsatine  and 
bichlorisatine,  forming  ortMnuatinic  and  hibromisatinie  acids, 
and  also  compounds  with  sulphites  analogous  to  those  just 
mentioned.  We  have,  therefore,  from  isatine  and  isatinic  acid, 
by  substitution,  the  following  compounds : 


InfiiM 

Intmic  Add   •        • 

Chloriaatine 

Chloiiistime  Axad    • 

BicUorisatine       • 

BichloriMtiiiie  Add 

BromiMtine     • 

Bromiaatinlc  Add 

BibronuBfttioe  • 

BibromiMtiiiie  Add 
iMtinoBulphites    • 
ChlorinU]MMulpbit«t 


Cl6 

Gi« 

Ci« 
Ci« 
Cif 


H« 

Ha 

H4 

CI 
Ha 
CI 
Ha 
CU 

H4 

Gift 

^  Br 
H< 
Br 
Ha 
Bra 

H4 

Bra 

Ha 

rH4 

tci 


NO4 
NOs+HO 

NO4 

NOs  +  HO 

NO  4 

NO«  +  HO 

NO4 

NOa+HO 

NO4 

NOa  +  HO 
N04,2SOfl  +  MO 
N04,280a  +  MO 
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BichloriaatinosalpbiteB  .  C10  |^*  NO4,  2S0a-I-M0 
BromiBatinoBulplutei  •  Oi«  -[^^  N04,2S08+MO 
Bibromiaatiiiotalpbitei  .   Ci«  1 3^*^  NO^,  2 80s -h HO 

Hofimann  has  lately  shown  that  isatine  when  heated  with 
potash, yields  aniline  (see  Aniline),  and  that  chloiisatine,  biomi- 
satine,  &c..  when  treated  in  the  same  way,  yield  componnds  of 
the  t3rpe  01  aniline,  in  which  hydrogen  is  replaced  by  chlorine, 
bromine,  or  both.  Some  of  these  compoonds  retain  the  base 
chuacter,  and  are  therefore  very  interesting,  as  the  first 
examples  of  such  chlorinised  or  brominised  bases.  A  table  of 
the  compounds  derived  by  sabstitution  from  aniline  is  given 
under  that  substance.  Here  we  have  only  space  to  mention 
that  chloraniline,  dichloraniline,bromaniline,  and  df  bromaniline, 
are  crystalline  volatUe  bases,  forming  cmtallisable  salts,  and 
veiy  analogous  to  aniline :  while  in  tnchloraniline,  tribromam- 
line^  chlorodibromaniline,  the  basic  character  is  lost. 

7ia^^,CiaH«N04  =  Ci«  Hs  N 0 4,H,  is  formed  whoi an 
alcoholic  solution  of  isatine  is  acted  on  by  sulphuiet  of  ammo- 
nium. It  is  a  grey  cnrstalline  powder,  and  may  be  conddered 
to  represent  isatine  pm  1  eq.  hydrogen. 

Sulphfyatyde,  CieHaNJg'  is  isatyde,  ip  which  it  eq. 

oinrgen  are  replaced  by  sulphur.  It  is  formed  by  the  action  <d 
sul^uretted  hydrogen  on  isatine  dissolved  in  alcohol,  and  is  a 
greyish-yeUow  amorphous  powdv.  SuiphiaaUne  is  the  name 
of  a  compound  obtamed  in  the  same  way  bv  Erdmann,  ^^licfa 
he  considers  to  be  different  from  sulph^tyde. 

Chlorieafyde,  Ci  9  j  q/  NOi,  is  a  white  powder  somewhat 


crystalline,  obtained  by  the  action  of  sulphuret  of  ammonium 
on  chlorisatine.  It  is  perfectly  analogous  to  isatyde.  By  the 
action  of  sulphuretted  hydrogen  on  chloiisatine,  a  compound  ia 

formed  which  is  Ci «  <  q^'  NS4  ;  that  is  chlorisatyde^  in  which 

all  the  oxygen  is  replaced  by  sulphur, 

Bichl<>ri8afyde,Ci6  |  ^^\^0^«iidhihromitailyde,CtA  ^^ 

NO  4,  are  perfectly  analogous,  in  formation  and  propeitieB,  to 
chloiisatyde. 

Sulphoiatyde,  Ci «  H«  N  <  g  *  is  formed  by  the  action  of 

potash  on  sulph^tyde^  from  which  it  differs  in  having  only 
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1  eq.  oxygen  replaced  by  Balphnr.  It  is  a  white  ciystalline 
powder. 

^  Indine,  Ci  0  H«  NO*  is  a  crystalliBed  substance,  of  a  bean- 
tifol  rose  colour,  formed  by  the  action  of  potash  on  snlph^^ 
aatyde,  along  with  the  precedinff ;  or  by  the  action  of  potash 
on  solphasatyde  or  isatyde.  In  the  last  case,  isatinate  of 
potash  is  also  formed,  thus,  3  (CiaHsNO^)  +2K0  =  2 
(KO,  Ci  0  Ho  NOs)+Ci  0  H0  NOt.    It  is  solphasatyde,  minuB 

2  eq.  sulphur,  and  is  also  isomeric  with  white  in<ugo.  It  is 
decomposed  by  nitric  add^  and  by  bromine,  which  give  rise  to 
newproducts. 

Wben  indine,  moistened  with  alcohol,  is  covered  with  a 
lukewarm  solution  of  potash,  it  forms  a  black  solution  which 
in  a  few  moments  becomes  a  semisolid  mass  of  black  needles, 
which  are  a  compound  of  potash  with  indine  or  rather  with 
indioic  add,  an  add  formed  from  indine,  like  isatinic  acid 
firom  isatine,  by  the  assimilation  of  1  ea.  water,  and  which  is 
very  easily  again  resolved  into  indine  and  water. 

tfydrindine  is  a  yellow  ciystalline  compound  formed  by 
heating  indine,  sulpliasatyde,  or  isatyde  with  potash.  Its  com- 
position is  CasHisNtOs,  that  is  2  eq.  indine  phu  1  eq. 
water ;  and  when  strongly  heated,  it  is  resolved  mto  indine 
and  water.  It  is  not  composed  of  these  substances,  however, 
for  it  forms  with  potash  a  white  salt,  hydrindinate  of  potash. 
The  add  in  this  salt  appears  to  be  formed,  like  some  01  those 
already  described,  by  the  addition  of  water  to  hydrindine ;  its 
fonnula  is  probably  Ci  0  Hi  s  N>  Or,  2  HO. 

NUrindtney  Ci0H4NfO»,  is  a  beautiful  violet-coloured 
powder  form^  by  the  action  of  nitric  acid  on  indine  and  hy- 
drindine.   It  is  indine,  in  which  2  eq.  hydrogen  are  replaced, 

one  by  oxygen,  the  other  by  nitrous  add;  C10  <N04  >N0«. 

(H  ^    ""    ^ 

CMorindineyCit  <  ^^  N0«  +  2  HO,  is  a  powder  of  a  dirty 

violet  colour,  formed  by  the  action  of  heat  on  chlorisatyde. 
Analogous  compounds  are  obtained  from  HMorUa^de  and 
hSHramiMtyde.  Bichlorindine  is  like  chlorindine.  Bibromin- 
dine  is  very  dark  red,  and  dissolves  in  alcohol  with  a  fine  purple 
colour. 

The  action  of  potash  on  isatyde  appears  to  be  the  type  of  its 
action  on  chlorisatyde,  bromisatyde,  Dichlorisatyde^  and  bibro- 
ousatyde.  When  isatyde  is  actea  on  by  potash,  it  yields  isatine 
(or  isatinate  of  potaui) ;  indine  (or  incunate  of  potash) ;  and 
hydrindine  (or  hydrinoinate  of  potash).    6  eq.  isatyde,  (6  Ci  0 
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H«  NO4)  are  equal  to  4  eq.  isatine  (4  Ci «  Hs  N0«)  +  2  eq. 
indine  (2  Cia  H«  NO9)  +  4  eq.  water :  or  they  are  equal  to 
4  eq.  isatine  (4  Ci  •  Hs  NOi)  + 1  eq.  hydrindine  (C« ,  Hi  a  Nt 
Os)  +  3  eq.  water.  Both  changes  probably  occur,  and  the 
three  compounds,  isatine,  indine,  and  hydnndine,  alike  take 
up  the  elements  of  water  to  form  the  acids,  which,  to  ayoid 
confusion,  are  not  here  expressed.  Now  there  is  good  reason 
to  believe  that  precisely  analogous  changes  occur  when  potash 
acts  on  bichlonsatyde  and  on  bibromisatyde,  each  yielding 
three  corresponding  compounds  and  the  three  acids  derived 
from  these.  The  reader,  by  strictly  following  the  analogy  of 
the  formulsB  given  above  for  the  action  of  potash  on  isat^de, 
will  easily  be  able  to  construct  the  equations  for  the  other 
analogous  cases. 

When  sulphesatyde  is  acted  on  by  bisulphite  of  ammoaiai 
there  is  formed  amon^  other  products  not  fmly  investigated,  a 
salt  formed  of  ammonia  united  to  a  new  add,  sidpkuatamemt 
add,  quite  different  from  the  acid  in  the  salts  formed  when 
isatine  is  acted  on  by  sulphites.  This  new  add  is  C 1  e  H«  NOi, 

2  SOt  +  HO,  or  perhaps  rather  Ci  •  H«  N  |  ^SO,  1  +  ^^  5 
that  is,  sulphesatyde,  in  which  the  2  eq.  of  sulphur  have  beei 
replaced  by  2  eq.  sulphurous  acid. 

The  action  of  bisulphite  of  ammonia  on  sulphesatyde  some- 
times gives  rise  to  the  formation  of  different  products :  among 
others,  to  an  insoluble  white  powder,  Uatan,  Cts  H«  NOj, 
which  when  heated  yields  isatine  and  indine  ;  3  (Ct  e  H«  NO  a) 
=s  Ci  •  H.  NO4  +  2  rC.  •  H«  NO*}  ^  HO.  Both  indine  and 
nitrindine,  when  acted  on  by  bisulpnite  of  ammonia,  appear  to 
produce  compounds  anal<^ous  to  those  derived  from  milph^ 
satyde. 

bhlorindoptm  is  the  name  given  by  Erdmann  to  a  volatile 
crystalline  substance,  formed  along  with  chlorisatine  and  bi* 
chlorisatine,  when  chlorine  acts  on  indigo.  When  the  chloriniaed 
mass  is  distilled  with  water,  this  substance  passes  over  in  white 
ciystals,  which  are  acid,  and  evidently  a  mixture  of  two  sub- 
stances. When  this  chlorindopten  is  heated  with  potaah,  a 
neutral  substance  passes  over,  m  white  ciystals  similar  to  the 
original  ones ;  this  is  ehlormdatmU  ;  while  the  potash  retains 
an  acid  of  a  disa^eeable  odour,  chlorindoptenie  acid, 

Ghlorindoptemc  acid,  Ci  •  H4  Ch  0,  HO,  is  separated  from 
its  potash  salt  by  acids,  as  a  white  flocculent  matter  of  a  veiy 
disagreeable  odour.  Laurent  has  identified  it  with  his  chloro- 
phenisic  acid,  an  acid  derived  from  coal  tar  by  the  action  of 

chlorine,.and  makes  its  formula  Ci «  <  q/  |  0,  HO.    Chlorin- 
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datmit  sppean  to  he  trichhraniliney  Cia  \  q^  >  X(Hofiinaim). 

By  the  farther  action  of  chlorine  on  chlorisatine  or  bichlo^ 
tisatiBe,  dissolved  in  alcohol,  new  componnds  are  fonned, 
among  which  are,  ehlorinUed  eklorindopCmy  which,  like  chlo- 
rindopten,  is  a  mixture  apparently  of  chlorindatmit,  with  an 
acid,  chlarinised  chhrindcpUnie  acid,  C 1 1  Ch  0,  HO ;  which  is 
the  eMorophenusie  acid  of  Laurent.  This  add  is  accompanied 
by  ekl&ranilef  Cn  CI4  O4,  a  neutral  body  in  volatile  golden 
yeUow8cale8,soluble  in  hot  alcohol,  which  is  also  derived  from  the 
oil  of  coal  tar,  or  rather  from  the  hydrate  of  phenvle  or  carbolic 
add  of  that  oil,  from  which  chlorophenisic  and  chlorophenusic 
adds  an  obtained. 

Chloianile  dissolves  in  weak  potash  with  a  deep  purple  colour, 
and  the  solution  deposits  dark  purplish-red  crystals,  composed  of 
potash  and  a  new  acid,  Moramlie  acid.  This  add  forms  scarlet  or 
yellow  ciTstals,  accordii^  as  it  contains  water  of  czystallisation 
or  not    Its  formula  is  Ci  a  Clt  Os,  2  HO,  or  Ce  CI  Oj,  HO. 

When  chloraniie  is  acted  on  by  aqua  ammonise,  it  is  dissolved, 
forming  a  blood-red  solution,  which  deposits  chesnut-brown 
crystals  of  chloranilammon,  Cs  Ha  H  CIOj +4  aq.  =  C«  ClOs 
•f-  N Hs  4-  4  aq.  It  dissolves  in  water  with  a  purple  colour, 
and  when  a  saturated  solution  is  mixed  with  hydrochloric  acid,  it 
deposits  veiy  brilliant  black  needles  of  great  length.  These  are  a 
new  compound,  ehloramlamy  Ci «  Cl«  Hs  NOe  =  Ct  t  CI9  Oa 
+  NHs;  thatis  2eq.  of  chloranilammon,  2  (Ce  G10j,NHa) 
s  Ci  9  Clf  Oe,  Ns  Ho ;  minus  1  eq.  ammonia  NHj .  Both  these, 
compounds  give  predpitates  with  metallic  solutions,  which  are 
the  same  from  both,  but  distinct  from  those  formed  by  chloranilio 
add  or  its  salts.  Chloranilammon,  according  to  Laurent,  is  the 
ammonia  salt  of  an  add  containing  amide  as  an  ingredient. 
Ghloranilam  is  the  add  itself. 

By  the  action  of  ammonia  on  isatine  there  are  produced  several 
new  compounds,  vaiying  with  the  strength  of  the  ammonia,  and 
the  menstruum  employed.  In  these  compounds,  oxygen  is 
replaced  by  amide,  N  H «,  or  imide,  ^  N  H  =  Im. 

Imetaiins  is  formed  when  dry  ammonia  is  passed  through  an 
alcoholic  solution  of  isatine.    It  forms  fine  deep  yellow  crystals, 

the  formuU  of  which  is  Ci«  H«  Nir  Ot  =  Ci«  Hi  N  |  j^^. 

Imaaatine  is  formed  when  aqua  ammonis  acts  on  a  solution  of 
isatine  in  alcohoL    It  is  a  greyish-yellow  crystalline  substance, 

the  formula  of  which  is  CisH.N  \^^% 

ImataUnie  add  is  fonned  along  with  the  preceding,  and  is 
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dissolved  along  with  ammonia.  By  the  addition  of  an  add  it  is 
precipitated  as  a  beantifal  scarlet  ciystalline  powder,  soluble  in 
not  alcoholj  which  deposits  it  in  splendid  tabular  ciystals  sinular 
to  the  subhmed  periodide  of  mercury.  It  dissolves  spanndiy 
in  acids  with  a  violet  colour,  and  these  solutions  deposit  videt 

crystals.    Ite  formula  is  Ci«  H.  N  j  jj^|  +  HO. 

Anuuatine  is  fonned  along  with  the  two  preceding  bodies.  It 
has  a  fine  yellow  colour,  and  dissolves  in  adds  with  a  violet 
colour,  apparently  passing  into  imasatinic  add.    Its  formula  is 

CiaH.  NJ^Idl  +^^  tAd  =  NH.=  amide). 

The  analogy  between  chlorisatine,  &c.,  and  isatine,  holds  in 
regard  to  the  action  of  ammonia  on  them.  By  the  action  of  dry 
ammonia  on  an  alcoholic  solution  of  chlorisatine  there  is  fonned  a 
yellow  ciystalline  compound,  analogous  to  imesatine.  It  is  called 

JmechhrisaHncue,  and  its  formula  is  ^^^ «  )  (^i*  (  ^  )  2  HN 
ImacMoriMOinase  is  analogous  to  imasatine.    Its  formula  ia 

^*  •  I  CI*  1  ^  /  NH  ^^  ^orms  brownish-yeUow  crystals. 
ImabromisaHneie,  formed  by  the  action  of  dry  ammonia  on 

bibromisatine  in  alcohol,  ^^  ^ '  <  )  ]^\  (  ^  )  ^^^     It  is  a  deep 

orance  crystalline  powder. 

We  have  now  briefly  run  over  the  catalogue  of  the  very 
remarkable  compounds  derived  from  indi^  by  the  action  ii 
sulphuric  acid  and  bichromate  of  potash,  which  produces  isatine, 
and  by  the  action  of  dilorine  eitner  on  indigo  or  on  isatine,  of 
bromine  on  the  same,  and  of  potash,  ammonia,  sulphuretted 
hydrogen  and  sulphur^  of  ammonium  on  the  products  of  these 
actions.  The  nomenclature  of  these  compounds  is  in  a  very 
imperfect  state,  and  requires  reformation,  but  this  cannot  be 
effected  until  the  substances  themselves  nave  been  more  tho- 
roughlv  studied.  It  is  most  important  to  observe,  thai  by  or 
through  chloranile  and  the  chlormdoptenic  acids,  the  series  to 
which  indigo  belongs  connects  itself  with  that  of  carbolic  add 
or  hydrate  of  phenyle  (to  be  afterwards  described),  and  these 
again  with  the  series  of  salii^le.  We  have  now  to  mention 
one  or  two  products  of  the  action  of  nitric  acid  on  indigo  which 
are  common  to  all  these  series,  and  like  chloranile,  seem  likely 
to  be  very  frequently  met  with  as  products  of  the  decompodtion 
of  organic  compounds. 

Anilic  add,  Stm.  IndigoHc acid,  NUrosali^lie add,  Ci  4  H4 
N  0  9,  H  0,    This  add  is  formed  by  the  long-continued  action  of 
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veak  nitric  add  on  indigo*  It  is  also  fQimed  in  the  preparation 
of  isatine,  if  the  action  be  pnshed  too  fur.  It  is  identical  with 
Hitrosalif^lic  acid,  obtained  by  the  action  of  nitric  acid  on  sali- 
cylic acid  or  on  salicine.  It  forms  fine  yellowish-white  prisms^ 
which  are  light  and  bulky,  and  shrink  much  in  drying.  It  is 
fusible  and  volatile.  By  the  action  of  strong  nitric  acid  it  is 
converted  into  oxalic  and  picric  adds.  It  recjuires  1000  parts  of 
cold  water  for  solution.  Its  salts  ctystallise  well,  and  their 
general  formula  isCi4H4N09,M0.  The  anilate  of  oxide  of 
methyle  is  obtained  as  a  ciystalline  compound  by  the  moderated 
action  of  nitric  add  on  the  salicylate  of  oxide  of  methyle  ^oil 
of  Aultheria).  The  anilate  of  oxide  of  ethyle  is  exactlpr  similar. 
Picric  aeidy  Stn.  Carbazotie  acidy  Nitropicric  acid,  Niiro' 

j»heninc  acid,  C» «  )  3 NO*  S  ^»  ^^*  '^^  ^^  ^ formed  by 
the  action  of  nitric  add  on  aniUc  add,  indigo,  salicine,  salicylic 
add,  hydrate  of  phenyle  or  carbolic  add,  coumarine,  silk, 
aloes  (?;,  and  other  substances.  It  is  most  easily  formed  from 
carbolic  add,  salicine,  or  oil  of  gaultheria,  by  the  action  of  an 
excess  of  fuming  nitric  add  assisted  b^  heat  It  is  purified  by 
solution  in  hot  water  and  reciystallisation.  It  forms  pale  yellow 
or  even  white  scales  of  a  silvery  lustre.  The^r  dissolve  in  hot 
water  with  a  strong  yellow  colour,  and  a  veiy  bitter  taste.  The 
add  is  fusible  and  volatile.  Its  salts  crystallise  most  readily, 
and  all  explode  when  heated.  When  tiiese  salts  are  put  in 
contact  with  lime  and  green  vitriol,  blood-red  solutions  are 
formed,  containing  the  lime  salt  of  a  new  add.  The  picrate  of 
potash  is  so  sparingl^r  soluble,  especially  in  alcohol,  that  an 
alcoholic  solution  of  picric  acid  may  be  used  as  a  test  for  potash. 
Picric  add  is  interesting  as  occurring  among  the  products  of 
the  decomposition  by  nitric  acid  of  so  many  dinerent  substances. 
It  is  easily  derived  firom  the  series  of  phenyle,  that  is,  from 
eaibolie  add,  Ci «  Hi  0,  H  0.    Derived  from  this,  we  have 

Ghlorophenedc  acid,  Ci «  J  q ,  (  0,  HO,  Chlorophenudc  add, 

C,t  Cl«  0,  HO,  and  Picric  add,  di  |  fjjfQ^  \  0,H0.  It  is, 

therefore,  carbolic  add  in  which  3  eq.  of  hydrogen  are  replaced 
by  3  eq.  of  nitrous  acid. 

When  indigo  is  heated  with  concentrated  potash,  there  are 
formed  two  new  adds:  chfysanilic  acid,  the  composition  of 
which  is  uncertain,  and  anthranilic  acid,  Ci  •»  Hr  IsO*  ^  Ci « 
H«NOj,HO.  The  latter  is  purified  in  the  form  of  anthranikte 
of  potash,  and  the  acid  separated  by  an  excess  of  acetic  add. 
It  forms  transparent  yellow  scales,  wnich,  however  when  quite 
pure,  are  colourless.    It  is  derived  from  blue  inoigo,  Ci  •  Hs 
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NO9,  by  the  loss  of  2  eq.  carlKm  and  the  addition  of  ^eq. 
water. 

When  anthranilic  acid  is  mixed  with  powdered  glass,  and 
rapidly  heated,  it  is  resolved  into  carbonic  acid  and  an  0U7 
liquid,  which  is  aniline^  aveiy  powerfal  base,  devoid  of  oxygen, 
identical  with  the  ayaalUne  of  Unverdorb^,  and  the  fyanol  of 
Rnnge,  Ci  t  Hr  N.  This  metamorphosis  is  veiy  simple :  Ci « 
Hr  NO4  =:  2G0t  +  Cit  Hr  N.  Since  aniline  is  obtained  in 
many  other  cases  of  decomposition  of  organic  matters  by  heat,  it 
becomes  a  substance  of  great  interest. 

AtUKne  is  recosnised  by  its  property  of  striking  a  deep  violet 
bine  colonr  with  ddoride  of  lime.  It  obtained  the  name  fyanol 
from  this  property.  Its  other  name,  crystaUmey  indicates  its 
great  tendency  to  form  crystallisable  salts  yrith  acids. 

The  recent  researches  of  A.  W.  Hoffmann  have  ffreatly  ex- 
tended our  knowledge  of  this  remarkable  componna.  He  has 
shown  that  it  is  best  obtained  by  heating  isatine  with  potash, 
thnsCi •  NHs  O4 +4(K0,  HO)  =  C, »  Hr  N-h4(K0,C0.) 
4-  H«.  But  he  has  also  proved  that  its  formation  is  not  con- 
fined to  the  products  of  the  decomposition  of  indigo,  it  being 
formed  when  other  substances,  isomenc  with  anthranilic  acid, are 
exposed  to  heat  along  with  bases,  such  as  lime  or  baryta.  Such 
substances  are  saHt^hmide  and  pratoniirfihenzoSne  or  niiroUh 
luide,  both  of  which  have  the  empirical  formula  C 1 4  Hr  N O4. 
The  former  yields  little,  but  the  latter  is  entirely  resolved  into 
aniline  and  carbonic  acid.  He  has  also  fully  identified  aniline 
with  Uie  eystalline  of  Unverdorben,  a  base  occurring  with  others 
amonff  the  products  of  distillation  of  animal  matter,  and  in  coal 
tar.  It  is  worthy  of  remark  that  a  close  connection  may  be 
traced  between  aniline  and  carbolic  acid  (hydrate  of  phenyle). 
The  latter  is  Ctt  Hs  0,  HO.  The  carbolate  of  ammonia, 
CisHsO,  NH«0,  minus  2  eq.  water  would  yield  an  amide, 
pken^lamide,  which  would  beCisHsNHasCivHrN;  and 
this  18  aniline.  Now  in  Hoffinann's  experiment  above  mentioned, 
in  which  salicylamide  was  heated  with  lime,  it  did  not  yiela 
much  Aniline,  but,  on  the  other  hand,  it  furnished  a  lai^ 
quantity  of  carbolic  acid. 

It  is  further  to  be  noticed  that  carbolic  acid  (hydrate  of 
phenyle)  and  aniline  (phenylamide)  occur  together  in  coal  tar; 
and  that  all  the  substances  which  yield  either  one  or  other  of 

C  H         ) 
these  are  also  converted  into  picric  acid,  ^^'joji^o   (^'^^> 

by  the  action  of  nitric  acid.  Thus  carbolic  acid,  indigo,  salidne, 
and  salicylic  acid,  are  all  transformed  into  picric  acid  by  < 
of  nitric  acid. 
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Another  point  in  which  all  these  sabstances  a^ree  is  this, 
that  when  acted  on  by  a  mixture  of  hydrochlonc  acid  and 
chlorate  of  potaah,  they  are  all  converted  into  chloranile,  Ci  t 
CU  O4.  It  is  more  than  probable  that  all  those  bodies,  such 
as  indigo,  salicine,  carbolic  acid,  &c.,  which  in  this  way  yield 
chloramle,  either  belong  to  the  series  of  phenyle  or  are  nearly 
allied  to  that  series,  and  readily  pass  into  it.  The  fondamentu 
or  primitive  compound  of  that  series  appears  to  be  some  com- 
pound of  the  formula  Ci  >  A«>  where  A  stands  for  hydrogen, 
chlorine,  bromine,  iodine,  oxygen,  nitrous  acid,  &c.  &c.  As- 
suming this,  and  supposing  A  to  be  represented  by  H,  then 
we  have  the  following  series,  which  will  exhibit  in  a  practical 
form  the  doctrine  of  substitutions. 

K  9     He       =  Supposed  origin  or  nucleus  of  the  series. 


Cis 


C12  •• 


Cxi 


Cis 


Cis 


=  Ci2      H« 


O,  H  O  =  bjrdrate  of  phenjie. 
=  C^"{  ClL  }o,HO  =  clilorophenesic«id. 
=  Cia I  ^"^  |o,  H  0  =  chloropbenisic  acid. 

=  C18  Cl«,  O,  H  O  =  cblorophenusic  add. 

=  chloianile. 

=  aniLme  =  Cifl  <  .7  V^phenyUmide. 

=:Gia'jn^Q     i-O,  HO  =  nitTophene8icacid*' 

_p     J    Ha     \0,  H0  =  nitropliemsic 
—  ^'■l3N04j  (picric)  acid. 

=  C 1 8  4  g  '         I-  O,  H  O = bromophenisic  acid. 

Hoffinann  has  shown  that  isatine,  when  distilled  with  potash, 
yields  aniline ;  and  that  chlorisatine,  so  analogous  in  all  respects 
to  isatine,  undergoes  a  similar  decomposition,  yielding  a  new 
base,  cMorcmiline;  also  that  other  comijounds  may  be  formed 
containing  more  chlorine,  but  still  belonging  to  the  same  series ; 
that  bromisatine  also  yields  a  base,  bromamline ;  finally,  that, 
by  the  action  of  ammonia  and  sulphuretted  hydrogen  on  hini' 
trobanside  or  dinitrobenzole,  there  is  formed  abase,  nUramHne, 
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in  which  1  eq.  of  hydrogen  is  replaced  by  1  eq.  of  nitroaa  add. 
and  that  in  this  base  3  eqs.  of  hydrogen  mar  farther  be  replaced 
by  bromine,  yielding  a  nentral  body.  The  foUowing^  azB  the 
formulsB  of  these  new  compounds,  which,  it  will  be  obaerred, 
are  stiU  referable  to  the  original  fonnnla,  Ci s  A«  or  Cb  •  H«. 


Aniline         • 
Chlonnilino    « 

Dichlonniline 

TrichlonailJne 

Bromaniline 

Dibromanilxne 

Tiibionumfline 


N    Inmc  Amapbeotte. 
battc.  Amachlopheneee, 

basic.  A  nwf hlopheniiif*, 

N    nentnL  AmachlopbeiHwe. 

>N    btfic,  Amabrophoiete. 

N    baaic  AmabrapbeBiao. 

N    nentnL 


N    neutraL  AmadilobmpliakQse. 
-N    btiic.  AmanitvopheDeae. 
»N    neutiaL  Amaaitiobropheaaar 


It  may  here  be  mentioned,  that  although,  in  order  to  indiide 
the  water  of  the  hydrated  acids,  I  have  adopted  C  i »  H«  as  the 
nnclens  of  these  compounds,  we  may  also  refer  them  to  Ci »  H« 
=ph^e  or  benzine.    The  oxide  of  phenyle  and  the  diffarait 

acids  will  then  be  represented  as  anhydrous,  tha8»  Ci*  <  q' 
oxide  of  phenyle,  &c.  Aniline  will  be  Cis  <  §h,=  ^^»  >  ^d 

=phenylamide ;  and  chloraniline  will  be  Ci  t  <  CI ;  and  ao  on. 

lAd 
The  only  compound  which  does  not  adapt  itself  to  thia  formula 


is  chloranile,  C  i «  CI4  0^ ;  which  might, however, be  Ci  • 

4  Clt 
orCi.  <0«     • 

(2C10 
Our  space  will  not  pennit  us  to  enter  into  any  detaib 


fCl. 

<o.  , 
(ao. 
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cenung  the  preparation  and  properties  of  these  interesting 
compoands ;  out  it  may  be  remarked  that  chloraniline  by  the 
action  of  hydrochloric  acid  and  chlorate  of  potash  yields 
chloranile ;  and  that  the  same  snbstance,  when  passed  over 
lime  (hydrated  ?)  at  a  low  red  heat,  yields  aniline,  thos  afford- 
ing aadutional  proof  that  all  these  compounds  belong  to  one 
seriesy  and  are  different  subtypes  of  one  general  type.  Nor 
mnst  it  be  fori^tten,  that  in  the  case  of  aniline,  chloraniline. 
and  bromanilme,  we  have  chlorine  and  bromine  substitnted 
for  hydrogen  in  a  basic  comnound,  without  affecting  its  basic 
characters.  This  is  the  first  known  example  of  a  base  formed 
by  substitution  from  another  base,  although  similar  facts,  in 
legard  to  acids  and  neutral  bodies,  had  long  been  known. 

It  is  yeiy  well  worthy  of  remark  that  a  certain  amount  of 
chlorine  or  oromine,  usuaUy  so  antagonistic  to  hydroeen,  does 
not,  when  substituted  for  that  element,  destroy  the  basic 
character ;  but  that  the  chlorine  and  bromine  appear  to  assume 
the  function  of  hydrogen.  A  large  proportion,  however,  of 
these  elements,  does  efnce  the  basic  cmuracter. 

But  the  existence  of  nUraniUne  is  even  more  remarkable. 
In  this  body,  1  eq.  of  hydrogen  in  aniline  has  been  replaced  bj 
1  e^.  of  a  powerfol  acid,  nitrous  acid,  and  ^et  the  compound  is 
decidedly  basic,  and  retains  the  type  of  aniline. 

NUraniUne  forms  fine  golden  yellow  prisms,  and  with  acids 
yields  crystallisable  salts.  When  acted  on  by  bromine,  it 
yields  nitrodibromanUinej  a  neutral  compound  in  which  2  more 
eqs.  of  hydrogen  are  removed  and  replaced  b^  bromine. 

We  have  here  considered  aniline  chiefly  in  reference  to  its 
derivation  from  indigo  and  isatine ;  and  the  other  derived 
bases  of  the  same  hrpe,  as  also  connected  with  indigo  through 
chlorisatine,  &c  Under  the  head  of  orguiic  bases,  a  few  pa^ 
further  on,  we  shall  describe  more  particularly  the  properties 
of  aniline,  and  some  others  of  its  derivatives. 

IS.  Canmne. 
This  name  has  been  given  to  the  colouring  matter  of  coch- 
ineal which  is  nitrogenised,  and  may  be  obtained  in  dark  red 
crystalline  grains,  very  soluble  in  water  and  alcohol.  It  forms 
with  alumina  a  beautiful  red  kke,  well  known  as  carmine. 
Its  precise  formula  is  not  determined,  but  it  approaches  to 
C«»H«4NO«o. 
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Preiflser  statea  that  the  red  colonring  matter,  like  all  vege- 
table colonn,  is  derived  by  oxidation  from  a  colourless  dystal- 
Hoe  compound  which  he  odls  carmine.  To  the  red  compound 
he  gives  the  name  of  carmine.  He  has  analysed  neither.  It 
may  here  be  mentioned  that  Preisser  has  succeeded  in  isolating 
the  colourless  compounds  (from  which,  as  he  states,  the  colonn 
are  derived  by  oxidation,  especially  \iith  the  aid  of  ammonia) 
in  most  of  the  red  and  yellow  dye-stufis,  such  as  Brasil-wood, 
safflower,  sandalwood,  quercitron,  woad,  annotto,  fusdc,  &c. 
He  obtains  them  by  forming  lakes  of  the  colours  with  oxide  of 
lead,  decomposing  the  lakes  by  sulphuretted  hydrogen,  whidi 
deoxidises  the  colouring  matter,  when  the  colourless  basis  ia 
dissolved,  and  obtained  m  crystals  by  evaporating  rapidly,  or  in 
vacuo,  to  avoid  oxidation.  He  has  analysed  some  of  these 
compounds,  but  his  results  are  not  yet  complete. 

The  finest  crimson  and  scarlet  dyes  are  made  finom  cochinealy 
according  as  the  mordant  is  alumina  and  tin. 

Kennes  is  a  dye  stuff  similar  in  its  origin  and  properties  to 
cochineal,  but  inferior  in  beauty  of  tint.  It  is  aenved  firom 
€occu8  ilieis. 

The  red  colouring  matter  of  stick- lack,  which  is  also  used  as 
a  dye,  has  similar  properties.  Lac  ia  produced  on  oeitain 
plants  by  tl^e  puncture  of  an  insect 

AOTION  OF  NITRIO  ACID  OM  AlOBS, 

This  action  so  much  resembles,  in  aome  points,  the  action  of 
nitric  acid  on  indigo,  that  it  may  be  properly  mentioned  here. 
Aloes  is  the  well-known  inspissated  juice  of  certain  apeciea  of 
aloe,  and  is  very  bitter  and  puigative.  The  nature  of  its  active 
principle  is  still  unknown:  but  when  heated  with  nitric  add  it 
yields  a  yellow  bitter  substance,  which  is  converted,  by  the 
further  action  of  the  acid,  into  two  crystallisable  acids,  chiyi 
sammic  and  chrysolepic  add.  The  artificial  bitter  of  aloes 
appears  to  be  formed  of  two  acids,  aloetic  and  aloeretinic  adds, 
which  form  red  salts,  but  the  composition  of  which  is  not 
exactly  ascertained. 

Chrysammie  acid,  Ci «  HN*  Oi  t,  HO,  is  obtdned  as  a  yel- 
low precipitate,  when  water  is  added  to  the  solution  obtained 
by  heating  aloes  with  excess  of  nitric  acid.  It  is  purified  by 
being  combined  with  potash,  and  this  sdt,  after  recrystallisa* 
tion,  is  dissolved  in  not  water  and  decomposed  by  diluted 
nitric  add.  The  chrysammie  add  is  deposited  as  a  |>owder 
formed  of  golden  yellow  shining  scales.  Its  solution  is  of  a 
fine  purple.    All  its  salts  are  crystallisable  and  of  a  deep  red 


ALKALOIDS  OK  OKGANIC  BASES.         521 

Goloizr,  frequently  with  peen  reflection,  like  mnreiide.  The 
chiysammate  of  ammonia  forms  dark  green  crystals,  which, 
when  dissolved  and  acted  on  by  nitric  acid,  deposit  brilliant 
black  scales,  which  are  not  chxysammic  acid,  but  are  trans- 
formed into  it  when  boiled  with  acids  or  bases.  The  solution 
of  chi^^sammate  of  ammonia  gives  with  metallic  salts  peculiar 
precipitates  distinct  from  those  formed  with  the  same  salts  by 
chrysanmiate  of  potash. 

vhryaoUpic  add,  Ct  •  Hs  Na  Ot  3,  HO,  has  the  formula  and 
many  of  the  properties  of  picric  add ;  but  is  said  by  Schunk, 
who  discovered  it,  to  be  different.  It  is  darker  in  colour,  and 
its  salt  with  potash  is  much  more  soluble  than  picrate  of  potash. 
It  would,  however,  appear  that  the  two  acids  are  essentiallv 
the  same  ;  for  their  salts  are  in  general  vei^  similar,  and  all 
explode  when  heated.  Now  that  picric  acid  is  recognised  as  so 
frequent  a  product  of  the  action  of  nitric  acid,  we  have  no  difii- 
culty  in  understanding  its  occurrence  here. 

ALKALOIDS  OB  ORGANIC  BASES. 

These  names  are  given  to  a  class  of  nitrogenised  oiganic 
compounds  which,  in  their  relations,  are  quite  analogous  to 
ammonia,  or  rather  to  oxide  of  ammonium.  They  are  to  be 
distinguished  from  such  basic  oxides  as  oxide  of  ethyle,  oxide 
of  methyle,  &c.,  which  contain  no  nitrogen,  and,  although  they 
form  neutral  compounds  with  acids,  yet  exist  in  a  peculiar 
state  in  these  compounds,  which  cannot  be  decomposed,  like 
ordinarv  salts,  by  double  decomposition.  Thus,  oxalate  of  oxide 
of  ethyle  does  not  precipitate  with  nitrate  of  lime,  and  chloride 
of  ethyle  does  not  decompose  nitrate  of  silver.  But  the  case  is 
quite  different  with  the  alkaloids ;  for  their  salts  undeigo  the 
same  decompositions  as  those  of  ammonia. 

Most  of  the  alkaloids  are  found  in  vegetable  juices,  seeds,  or 
roots ;  these  are  called  vegetable  alkalies,  and  they  are  gene- 
rally the  active  principles  of  the  plants,  for  the  most  part 
poisonous,  in  which  tbey  are  found.  But  of  late,  organic  bases 
quite  analogous  to  those  produced  by  nature,  have  been  formed 
in  a  variety  of  processes ;  as,  for  example,  the  singular  bases 
containing  platinum,  described  at  pp.  284 — 290 ;  the  bases  con- 
taining arsenic,  or  arsenic  and  platmnm,  mentioned  at  pp.  414 
-y418 ;  the  bases  of  coal  tar,  of  which  aniline,  formed  in  several 
different  processes,  is  one ;  the  bases,  chloraniline,  &c.,  derived 
from  aniline ;  the  bases  derived  from  oil  of  mustard,  (see 
p.  488) ;  those  derived  from  the  decomposition  of  natural 
alkaloids,  as  quinoleine  and  eotamine ;  those  formed  by  the 
action  of  potash  on  melam,  as  melamine  and  ammeline ;  those 
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produced  by  the  action  of  ammonia  on  oil  of  bitter  almonds  and 
aoalogouB  bodies,  such  as  amarine,  lophine,  picrine,  and  fiir- 
fniine  ;  those  formed  by  the  action  of  sulpharet  of  ammonium 
on  certain  nitrogenised  bodies,  as  aniline  from  nitiobenzide, 
naphthalidine  from  nitronaphthalese,  thialdine  from  aldehyd- 
ammonia,  &c. ;  those  deriyed  from  kreatine  by  the  action  of 
acids  and  bases,  namelj,  kreatinine  and  sarcosine ;  and  snch  as 
are  formed  by  the  action  of  acids  and  bases  on  other  animal 
compounds,  of  which  glycocoU  is  an  example,  being  formed 
from  gelatine  by  the  action  of  potash,  and  from  hippnric  acid 
by  the  action  of  hydrochloric  acid.  Most  of  these  artificially 
formed  bases  aro  of  very  recent  discovery,  and  it  is  evident 
that  thev  must  throw  much  light  on  the  theory  of  the  produc- 
tion of  the  natmal  alkaloids,  and  that  the  careful  study  of  this 
part  of  the  subject  will,  in  all  probability,  eventually  lead  to 
the  artificial  formation  of  the  natural  organic  bases. 

The  alkaloids  possess,  for  the  most  part,  very  decided  basic 
properties ;  when  dissolved  they  act  on  vegetable  colours  like 
the  inorganic  alkalies ;  and  they  neutralise  the  strongest  adds 
completely,  generally  forming  crystallisable  salts.  Most  of 
them,  at  the  ordinary  temperature,  are  expelled  from  their  salts 
by  ammonia,  but  many  of  tnem  at  the  heat  of  boiling  water  expel 
ammonia  from  its  suts,  owing  to  the  volatility  of  the  latter 
alkali. 

Their  basic  properties  aro  not  derived  from  the  oxygen  they 
contain,  for  no  variation  in  the  amount  of  that  element  affects 
their  neutraUsiug  power.  On  the  other  hand,  thero  is  every 
reason  to  believe  that  their  basic  character  depends  on  the 
nitrogen  they  contain ;  for  they  all,  without  exception,  contain 
nitrogen,  aluough  several  are  devoid  of  oxygen.  Moreover, 
most,  if  not  all  of  those  which  have  been  formed  artificially, 
are  prepared  with  the  aid  of  ammonia,  or  some  compound  of 
ammonia,  or  amidogen.  It  is  quite  conceivable  that  they  may 
be  composed  of  ammonia  or  amidogen, />^t»  some  compound  of 
carbon  and  hydrogen,  or  of  carbon,  hydrogen,  and  oxygen,  the 
addition  of  which  does  not  diminish  the  basic  eneigy  of  the 
ammonia  or  amidogen.  We  shall  return  to  this  subject,  after 
having  described  the  alkaloids.  In  the  mean  time  we  shall 
first  give  an  account  of  the  natural  dkaloids,  and  afterwards 
proceed  to  consider  the  artificial  ones. 

1.  Natural  Alkaloids  or  Vegetable  Bases. 
The  alkaloids  occur  in  combination,  generally  with  vegetable 
acids;  and  the^r  are  separated  from  these  combinations  by  the 
same  means  which  are  employed  in  the  case  of  inorganic  bases. 
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modified  in  each  case,  according  as  the  alkaloid  is  soluble  or 
insoluble  in  water  and  other  solvents,  fixed  or  volatile  when 
heated .  Thus  quinine,  morphia,  and  stiychnia,  are  separated  b  v 
adding  to  their  soluble  salts,  lime,  ammonia,  or  magnesia,  which 
form  soluble  salts  with  the  acids  which  are  present,  while  the 
alkaloids,  being  insoluble,  are  precipitated;  codeine,  beins 
■oluble  in  ether  as  well  as  water,  is  first  set  free  by  potash,  and 
ether  being  added  to  the  aqueous  liquid,  is  agitated  with  it,  and 
rises  to  the  surface,  canying  the  codeine  along  with  it,  and  the 
same  process  applies  to  other  alkaloids.  Lastly,  conia,  nicotine, 
and  other  volatile  alkaloids  are  obtained  by  distilling  their  salts 
with  an  excess  of  liquor  potassse. 

The  alkaloids,  like  ammonia,  combine  with  hydrogen  acids 
forming  salts,  without  the  addition  of  water  or  its  elements 
being  necessary ;  they  also,  like  ammonia,  refuse  to  combine 
with  anhydrous  oxygen  acids,  requiring  1  eq.  of  water  to  form 
div  salts .  Their  hydrochlorates,  like  saJ  ammoniac,  form  double 
siJts  with  the  bichlorides  of  platinum  and  of  mercuiy. 

The  salts  of  most  of  the  alkaloids  are  precipitated  as  tannates 
by  infusion  of  galls. 

The  alkaloids  are  generally  decomposed  by  chlorine,  bromine, 
and  iodine,  forming  coloured  compounds  not  yet  fully  investi- 
gated* They  are  also  decomposed  by  nitric  acid,  some  of  them 
with  a  deep  red  colour. 

Some  of  them,  such  as  quinine,  stxychnia,  &c.,  when  heated 
with  strong  caustic  potash,  yield  an  oily  compound,  which  is  also 
a  base,  and  is  called  ^uinoleine. 

We  shall  now  briefly  describe  the  individual  alkaloids; 
dividing  them  into  groups,  according  to  their  characters. 

a.  liiqaid  Volatile  Baaes. 
NicoUney  Cio  H«  N.  This  base  is  found  in  tobacco,  and 
IS  obtained  by  distilling  the  concentrated  infasion  of  the  leaves 
along  with  potash.  The  distilled  liquid,  which  contains  nico- 
tine, water,  and  ammonia,  is  neutralised  by  sulphuric  acid  and 
the  neutral  solution  dried  up.  Alcohol  then  dissolves  the  sul- 
fate of  nicotine,  leaving  undissolved  the  sulphate  of  ammonia. 
The  pure  sulphate,  distilled  with  potash,  vields  pure  nicotine, 
which  appears  as  an  oily,  limpid,  colourless  liquid,  having  a 
weak  smell  of  tobacco.  ItsSp.  G.  is  1*048.  It  is  decidedly 
alkaline,  and  mixes  with  water,  alcohol,  and  ether.  It  is 
highly  poisonous.  With  acids  it  forms  salts  which  crystallise 
with  difficulty.  The  hydrochlorate  of  nicotine  combines  with 
bichloride  of  platinum,  forming  a  double  salt,  which  yields 
laige,  regular,  oiange-red  crystals,  of  the  formula  Cio  &•  N, 
uh2 
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HCl  +PtClt.  It  is  probable  that  niootme^  besides  beiDg 
found  in  the  fresh  leaves  of  tobacco,  is  produced  in  larger 
quantity  during  the  fermentation  to  wnich  the  leaves  are  sub- 
jected in  the  manufacture  of  tobacco ;  and  there  is  also  reason 
to  belieye  that  it  is  produced  by  the  action  of  heat  on  tobacco, 
as  in  smoking,  and  that,  from  the  comparative  simplicity  of  its 
formula,  it  will  be  found  among  the  products  of  the  distillation 
of  organic  compounds  containing  nitrogen. 

Conidne.  Stn.  Conia,  Cio  Hie  N  ?  This  base  occurs  in 
the  hemlock,  Conium  maculaUtm^  and  is  extracted  by  a  process 
quite  analogous  to  that  above  described  for  nicotine.  It  is  also 
an  oily  liquid,  boiling  at  338%  highly  poisonous,  and  easily 
decomposed.  Its  taste  and  smell  are  both  very  acrid  and  dis- 
agreeable, and  somewhat  analogous  to  those  of  nicotine.  Its 
salts  are  acrid  and  poisonous,  ciystallising  with  difficulty.  As 
it  is  the  active  principle  of  the  conium,  conicine,  either  pure  or 
as  a  salt,  ought  to  be  used  instead  of  the  extract  or  tincture, 
which  are  yery  variable. 

The  two  bases  just  described  are  the  only  natural  bases 
belonging  to  the  strongly  marked  group  of  volatile  oily  bases. 
But  several  artificial  compounds  are  known,  which  belong  to 
this  group.  These  will  be  described  in  their  proper  place,  and 
it  will  be  seen  that  their  analogy  to  nicotine  and  conicine  is 
perfect. 

h.  Bases  of  Cinchona  Bark. 

a.  Qtttfitiitf.  CsoHit  NOt.  Syn.  Chinine.  This  important 
alkaloid  is  found  along  with  cinchonine,  in  most  sj^ies  of 
cinchona  bark.  It  predominates  in  vellow  bark,  Vinch^na 
flava,  China  regia,  or  C  caltsa^a;  and  is  obtained  by  boiling 
with  an  excess  of  milk  of  lime  the  decoction  in  diluted  hydro- 
chloric acid  of  the  bark,  and  treating  the  precipitate  with  hot 
alcohol,  which  dissolves  cinchonine  and  quinine.  On  evapora- 
tion, the  cinchonine  is  deposited  in  ciystals,  and  the  quinine 
remains  dissolved.  Water  is  added,  which  causes  the  quinine 
to  separate  as  a  resinous  mass.  It  may  be  obtained  in  ciystals 
by  the  spontaneous  evaporation  of  its  solution  in  absolute 
alcohol.  It  is  very  sparingly  soluble  in  water,  but  veiy  soluble 
in  alcohol  and  in  acids.  Its  solutions  are  very  bitter.  When 
heated  with  hydrate  of  potash,  it  yields  carbonate  of  potash, 
hydrogen  gas,  and  quindine  or  leukoline,  (see  that  substance). 

Quinine  is  decidedly  alkaline,  and  neutralises  the  acids.  Its 
salts,  especially  the  sulphate,  are  vety  much  used  in  medicine, 
especially  as  febrifuge  and  tonic  remedies,  in  most  cases  very 
superior  to  the  bark  in  substance.    The  sulphate  of  quinine  used 
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in  medicine  is  a  basic  salt,  2  (Cao  Hi  t  NO*)  +  SO3+  8  HO. 
The  nentral  sulphate  is  much  more  soluble  in  water;  hence,  in 
dranghts,  snlphate  of  qninine  is  generally  dissolved  in  diluted 
sulphuric  acid.  The  hydrochlorate,  phosphate,  citrate,  and 
ferrocyanate  of  quinine  have  also  been  employed  in  medicine. 

b.  UinchoninefCio  H19  NO.  This  base  predominates  in 
the  grey  bark.  Cinchona  eondaminea,  or  G,  rtmginosa,  and  is 
also  found  in  large  quantit^r,  as  well  as  quinine,  m  red  bark,  G. 
dbkngifolia.  Its  preparation  has  been  above  described.  It 
ciystallises  veiy  resMiily,  and  is  not  so  bitter  as  quinine,  although 
highly  febrifuge.  When  heated,  a  considerable  ^rt  is  sub- 
limed. When  distilled  with  potash,  it  yields  qumoline.  It 
neutralises  the  acids,  forming  ciystallisable  salts,  which  maybe 
substituted  for  those  of  quinine. 

It  is  veiy  important  to  observe  that  cmchonine  only  differs 
from  quinine  by  1  eq.  oxygen  ;  and  although  hitherto  no  one 
has  succeeded  m  converting  one  into  the  other,  little  doubt  can 
be  entertained  that  this  will  be  accomplished  in  process  of 
time.    The  fact  that  both  yield  quinoline  is  very  interesting. 

c.  Q^%no%dlne»  This  name  was  given  by  Sertuemer  to  a  third 
alkaloid,  which  he  found  in  the  mother  liquors  of  the  preceding. 
It  has  been  shown  by  Liebig  to  be  nothing  else  than  pure 
quinine,  in  the  amorphous  or  uncvystallisable  state.  The  cause 
of  its  assuming  the  amorphous  state  is  not  yet  known.  It  is 
very  powerful  as  a  remedy,  and  is  now  much  used  under  the 
same  of  amorphous  quinine. 

d.  Aricine,  Gto  Hi  a  N  Os  ?  This  base  was  found  in  1828, 
in  a  cinchona  bark  from  Arica,  in  Peru,  and  has  not  since 
occurred.  It  is  very  similar  to  cinchonine,  from  which  it  differs 
in  being  soluble  in  ether.  According  to  the  analysis  of  Pelletier, 
it  contains  1  eq.  oxygen  more  than  quinine,  and  2  eq.  more  than 
einchonine,  so  that  uie  three  bases  may  be  viewed  as  oxides  of 
the  same  radical.  Aricine  forms  salts  which  are  ciystallisable, 
bitter  and  febrifuge. 

Besides  the  above  four,  other  alkaloids  are  said  to  have  been 
found  in  different  species  of  cinchona ;  as  pitoyine,  in  Uie  China 
pUoya,  chinovine  in  the  China  noffa,  another  alkaloid  in  the 
China  of  Cartha^fena,  blanqtUnine  in  the  China  hlanca,  which 
ia  the  bark  of  Cinchona  ovifolia  and  G  macrocarpa;  and  cinch' 
twaUne  in  Cinchona  ovata.  This  last  crystallises  well,  and 
forms  crystaliisable  salts.  It  has  been  analysed,  and  the 
results  le^  to  the  formula  C4a  H97  Ng  Os. 

c.  Buet  of  the  "PwpKreneem. 
Morphine,  C*  1  H»o  N0«.    This  alkaloid  occurs  in  opium, 
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which  is  the  inspissated  juice  of  Papattr  wtmifmvm.  Perhaps 
the  easiest  method  of  extracting  it  is  the  following.  The  soluble 
part  of  opium  is  extracted  by  water,  and  the  concentrated  infd- 
sion  is  mixed  with  solution  of  chloride  of  calcium,  this  salt 
being  added  in  slight  excess.  On  standing,  especially  if 
wanned,  the  mixture  deposits  a  copious  brownidi-ffrey  precipi- 
tate of  mixed  meconate  and  sulpnate  of  lime  {fL%  moiphuie 
being  in  the  opium  partly  as  meconate,  partly  as  sulphate), 
while  hydrochlorate  of  morphine  remains  in  solution  with  a  very 
laiige  proportion  of  dark  brown  colouring  matter.  The  brown 
solution  18  evaporated  till,  on  cooling,  the  hydrochlorate  ciys* 
tallises,  forming  a  nearly  solid  mass,  which  is  subjected  to  very 
strong  pressure  in  flannel.  A  thick,  viscid,  nearly  black  mother 
liauor  is  thus  expressed,  which  contains  iJl  the  narcotine  and 
colouring  matter.  The  squeezed  mass  or  cake  of  hydivchlorate 
of  moiphine  is  of  a  fawn  colour.  It  is  rediuolved  in  hot  water, 
filtered  if  necessary,  and  lecrystallised,  so  much  water  being 
used,  that  on  cooling  a  semisolid  mass  is  obtained.  This  is 
again  squeezed  out,  and  if  the  squeezed  cake  is  not  quite  white, 
it  is  only  necessary  to  repeat  tne  operation.  A  litUe  animal 
charcoal  in  the  second,  or  better  still  in  the  third,  crystallisa- 
tion, assists  in  removing  the  last  traces  of  colour.  The  second 
and  third  mother  liquids,  although  coloured,  are  not  to  be 
thrown  away,  but  should  be  added  to  the  solution  of  a  fresh 
portion  of  opium,  so  that  the  small  quantity  of  hydrochlorate 
which  is  retained  in  solution  shall  not  be  lost.  In  crystallising 
hydrochlorate  of  morphine,  the  liquid  should  always  be  acidu- 
lated with  hydrochloric  acid  (after  the  animal  charcoal  is  sepa- 
rated^, because  in  this  way  very  little  indeed  is  retained  in 
solution. 

The  purified  hydrochlorate,  which  still  contains  about  Vv  o^ 
codeine,  is  now  dissolved  in  hot  water,  and  supersaturated  with 
ammonia ;  on  cooling,  the  morphine  is  deposited  as  a  snow- 
white  crystalline  powder,  which  may  be  crystallised  by  means 
of  hot  alcohol.    The  codeine  remains  in  the  mother  liquor. 

Morphine  forms  hard  transparent  brilliant  crystals,  almost 
insoluble  in  water,  soluble  in  not  alcohol,  insoluble  in  ether. 
It  is  decidedly  alkaline,  neutralising  acids,  and  forming  crya- 
tallisable  salts.  All  its  solutions  are  bitter,  and  act  as  narcotic 
poisons.  It  is  coloured  red  by  nitric  acid,  and  browniah-red 
by  iodic  acid ;  it  also  strikes  a  deep  blue  with  perchloride  of 
iron. 

The  salts  of  morphine  are  much  used  in  medicine,  especially 
the  hydrochlorate,  the  acetate,  and  the  sulphate.  A  solution  of 
any  of  these  salts,  of  ^y%  grains  to  the  ouncCi  may  be  adminis- 
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tend  in  the  same  dose  as  tincture  of  opiam  (kudanum).  The 
hydrochlorate  or  muriate  is  prepared  as  above  described,  and 
is  nsed  in  the  state  in  which  it  is  obtained  by  repeated  crystal- 
lisation, containing  -iV  o^  its  weight  of  a  double  hydrochlorate 
of  morphine  and  codeine,  which  has  much  the  same  action .  The 
acetate  and  sulphate  are  best  made  directly  by  dissolving  in 
acetic  and  sulphuric  acids  the  precipitated  morphine  till  they 
are  neutralised,  and  then  evaporating.  1  lb.  of  good  opium 
yields  1^  oz.  of  hydrochlorate  of  morphine.  These  salts  are 
most  valuable  anodynes,  and  do  not  derange  the  stomach 
nearly  so  much  as  an  equivalent  dose  of  laudanum ;  but  they 
do  not  act  so  decidedly  in  producing  sleep  as  in  allaying  pain 
and  irritation;  at  least  the  sleen  they  induce  does  not  come  on 
so  soon  as  in  the  case  of  laudanum.  The  patient,  however, 
even  when  he  does  not  sleep,  feels  refreshed,  almost  as  if  he 
had  slept,  and  on  the  whole  tne  preparations  of  morphine  are 
preferred  by  the  physician,  and  have^  in  this  Qountry  at  least, 
nearly  banished  the  use  of  laudanum.  The  black  drop  contains 
impure  citrate  of  morphine. 

Codewe,  ds  Haol^^Os.  This  alkaloid  is  obtained  as  above 
described,  from  the  mother  liquor  of  the  precipitated  morphine, 
which,  bcang  evaporated,  deposits  the  double  hvdrochlorate  of 
inoiplune  and  codeine.  This  salt  being  purified,  is  acted  on  by 
potash,  which  dissolves  the  morphine,  while  the  codeine  is  left 
as  a  viscid  mass,  which  soon  becomes  hard  and  crystalline.  It 
is  purified  by  solution  in  ether  or  in  water,  both  of  which 
solvents  leave  the  morphine,  which'  may  be  mixed  with  it, 
imdissolved.  The  ethereal  solution,  by  spontaneous  evapora- 
tion, deposits  it,  especially  if  a  little  water  be  added,  in  fine 
anhydrous  prisms  ;  the  aqueous  solution  gives  laige  octahedral 
ciystals,  which  are  a  hydrate,  with  2  eq.  of  water. 

Codeine  is  a  powerful  base,  forming  neutral  salts  with  acids. 
Its  solutions  are  bitter,  and  would  seem  to  have  an  anodyne 
action  on  the  system.  But  in  certain  circumstances  they  appear 
to  excite  intolerable  itching  of  the  whole  skin.  It  is  Uier^ore 
possible,  that  the  itching  caused  in  some  persons  by  opium,  and 
hj  the  commercial  muriate  of  morphine,  proceeds  m)m  codeine. 

It  is  important  to  observe  that,  as  cmchona  bark  contains 


convert  codeine  into  morphine  by  oxidation,  or  morphine  into 
codeine  by  deoxidation. 

Thebaine.    This  base  also  occurs  in  opium.    It  is  nearly 
insoluble  in  water,  soluble  in  alcohol  and  ether.    Its  solutions 
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are  alkaline,  and  have  an  acrid  metallic  taste.    It  forms  078- 
tallisable  salts  witli  acids.    According  to  Kane,  its  fonaiila  is 

Cf«H.«NOa. 

PMiidbflKM^fM,CtyHi«NOi«?  This  base  is  ooeanonaDj 
found  in  opinm.  It  foims  shining  scales.  It  is  spaim^j 
soluble  in  water  and  weak  alcohol,  insoluble  in  absolute  aleobol 
and  in  ether.  It  is  readily  dissolyed  by  caustic  potash  or  soda. 
It  is  coloured  blue  by  perchloride  of  iron.  It  forms  salts  with 
acids,  which  are  as  yet  little  known. 

NarcdnefCaB  H>o  NOi  a  t  This,  which  is  a  foeble  base, 
also  occurs  in  opium.  It  is  sparingly  soluble  in  water,  soluble 
in  alcohol,  insoluble  in  ether.  It  melts  at  197^.  It  is  oolonrad 
blue  by  hydrochloric  acid,  but  not  by  perchloride  of  ira^ 
Adds  dissolve  it,  but  hardly  form  definite  salts  with  it.  Is 
short,  it  ought  rather  to  be  described  as  an  indifferent  suhstanoe, 
were  it  not  that  its  composition  so  much  resembles  that  of  the 
alkaloids. 

NareoHne,  C40  Htc  NOi«.  This  is  another  weak  bass, 
found  in  opium  in  larger  proporticm  than  any  other,  except 
morphine.  It  may  be  obtamed,  either  finom  the  mother  liquor 
of  muriate  of  morphia  hj  adding  ammonia,  or  by  digesting  the 
insoluble  part  of  opium  m  diluted  acetic  acid,  and  precipitating 
by  ammonia.  The  impure  narcotine  is  purified  by  solutaon  ic 
hot  alcohol,  with  the  aid  of  animal  charcoaL  On  ooolii^;,  nar- 
cotine is  deposited  in  crystals,  which  are  insoluble  in  water  and 
alkalies,  soluble  in  alcohol,  ether,  and  adds.  Its  salts  an 
bitter,  and  ciystallise  with  neat  difficulty. 

The  yeiy  recent  researcmes  of  Liebk,  Wohler,  and  B1^1h« 
haye  made  known  a  series  of  products  of  decomposition  denied 
firom  narcotine,  when  acted  on  by  peroxide  of  manganese  and 
sulphuric  acid,  and  also  by  bichloride  of  platinum.  These  ear 
space  will  only  pennit  us  briefly  to  mention. 

1.  (Mantcac^  GtoH»Oio=C»oH«  0»,  HO.  This  acid 
crystamses  in  slender  prisms,  and  forms  soluble  and  eiystal- 
liukble  salts  with  baryta  and  tne  oxides  of  lead  and  silver,  and 
with  oxide  of  ethyle.  When  melted,  opianic  add  passes  into 
an  insoluble  state,  its  composition  remaining  the  same. 

2.  Opiammony  C«o  Hi  7  NOi «.  This  compound  is  dmvsd 
from  2  eq.  opianate  of  ammonia  by  the  loss  of  1  eq.  ammiink 
and  4  eq.  water.  It  is  a  pale  yellow  powder,  which,  by  boilhtf 
with  water,  is  converted  into  opianic  add  and  opianate  of 
ammonia. 

3.  Xanthopmie  acid.  When  opiammon  is  acted  on  by  alka- 
lies, it  gives  off  ammonia  and  yields  opianate  and  zanthopenate 
of  potash.    An  add  separates  the  xanthopenic  add  as  a  yellow 
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flodmlent  precipitate.  It  fonns  salts  of  a  fine  yellow  colour, 
but  has  not  been  fiilly  examined.    It  contains  nitrogen. 

4.  Opia9khsulphurau9  add,  Cto  H«  Oi  i  Sa  HO,  is  formed 
by  the  action  of  solphnrons  acid  on  opianic  acid,  and  is  pro- 
duced by  the  substitntion  of  2  eq.  smphttrous  acid  for  2  eq. 
water.    It  has  a  bitter  taste  and  forms  ciystallisable  salts. 

5.  Sulphcpianic  acid,  C>o  Hs  |  ^^  I ,  HO.    This  add  is 

fonned  by  the  action  of  snlphnretted  hydrogen  on  opianic  acid, 
and  is,  in  fact,  opianic  acid,  in  which  2  eq.  of  oxygen  are 
replaced  by  2  eq.  snlphnr.  It  is  an  amorphous  yellow  powder, 
vhich  crystallises  from  alcohol.  Its  salts  are  soon  decomposed, 
yielding  snlphorets  of  the  metals. 

According  to  Wohler,  opianic  acid  is  (Cto  Ho  07,2  HO) 
-f  HO ;  and  in  the  two  preceding  acids  the  2  eq.  of  water 
represented  within  the  brackets  are  replaced  by  2  eq.  snlphu- 
rons  acid  and  2  eq.  snlphnretted  hydrogen.  Opiammon,  on 
thiaTiew,i8(Cto  H«  Or,  2  HO) -f  (C,»  H«  Or,  NHs).  He 
considers  it  probable  that  narcotine  is  a  compound  analogous 
to  opiammon,  and  containing  opianic  acid. 

6.  Hmnipinic  add,  Cio  H4  Os  HO.  This  is  a  product  of 
oxidation  of  opianic  acid.  1  eq.  anhydrous  opianic  acid,  Cso 
H«0»,  plm  1  eq.  oxygen,  is  C«o  HsOio  =:2(Cio  H^Os). 
The  hemipinic  acid  ciystallises  in  regular  four-sided  prisms. 
It  forms  insoluble  salts  with  the  oxides  of  lead  and  silver. 

7.  Cokuminey  Ct<  Hi  j  N0«.  This  is  a  base  fonned  along 
with  opianic  acid.  1  eq.  narcotine,  C«6  Has  NOi  4,  and  7eq. 
oxygen  yield  1  eq.  cotamine.  Gas  Hi  >  NOa  -|-  I  eq.  opianic 
acid  C»o  H9  Oi 0  +  I  eq.  carbonic  acid  COa  -|-  3  eq.  water, 
3  HO. 

Cotamine  forms  a  deep  yellow  radiated  mass,  soluble  in 
alcohol  and  in  water.  It  is  bitter  and  alkaline,  and  fonns 
crystallisable  double  salts  wiUi  the  bichlorides  of  mercuiy  and 
platinum. 

8.  Humopmic  add  is  a  dark  brown  humus- like  acid  formed 
by  the  action  of  heat  on  narcotine.  Its  composition  is  not 
established  with  certainty,  but  resembles  that  of  other  similar 
bodies.    It  contains  no  nitrogen. 

9.  ApaphyUie  add.  This  seems  to  be  a  product  of  decom- 
position of  cotamine.  It  foms  ctystals  very  like  those  of  apo- 
phyUite  and  equally  cleavable.  When  heated  it  yields  an  oily 
liquid,  evidently  quinoUne.  Its  composition  is  not  yet  known^ 
but  it  contains  nitrogen. 

10.  NarecgtiHiney  C*«  Hi»  NOio,  is  formed,  along  with 
opianic  acid,  when  narcotine  is' not  so  £ur  oxidised  as  to  yield 


530  HTOSCTAIONS. 

cotamine.  2  eq.  narcotine  with  5  eq.  oxygen  yield  2  eq. 
narcogenine,  1  eq.  opianic  acid,  and  3  eq.  water.  It  fonns  a 
cnrstallisable  double  salt  with  bichloride  of  platinum^  but 
when  separated,  it  is  resolved  into  narcotine  and  cotamine. 
2  eq.  narco^nine  with  2  eq.  oxygen  contain  the  elements  of 

1  eq.  narcotine,  1  eq.  cotamine,  and  1  eq.  carbonic  acid. 

11.  Narcotinic  acid*  When  narcotine  is  heated  with  potash 
it  forms  a  soluble  compound  which  contains  an  acid,  apparently 
isomeric  with  narcotine,  or  differing  from  it  only  by  1  or  2  eq. 
water.  When  this  acid,  which  is  called  narcotinic  acid,  is 
separated  frt>m  its  salts,  it  rapidly  passes  into  narcotine,  ao  that 
it  IS  unknown  in  a  sepurate  form.  Its  atomic  weight  seems  to 
be  half  that  of  narcotme,  so  that  1  eq.  narcotine  probably  ibnna 

2  eq.  of  the  acid. 

Such  is  a  yeiy  brief  and  imperfect  account  of  the  results  of 
the  recent  researches  of  Womer  and  of  Blyth  on  narcotine. 
They  are  of  Tety  fl^t  importance  as  indicating  a  method 
which  may  lead  to  the  discoyery  of  the  true  constitution  of  the 
alkaloids. 

Chdidonine,  C40  Hto  Nj  0<.  This  alkaloid  occurs  in 
Chelidomum  majut,  along  with  chderythrine.  It  is  bitter, 
insoluble  in  water,  and  alkaline,  forming  crystallisable  salts. 

h,  CheUrythriney  found  in  the  same  plant,  forms  a  grey 
powder  which  excites  violent  sneeang.  With  acids  it  forms 
red  salts,  which  are  narcotic  and  poisonous. 

f .  Olaudne.  This  alkaloid  occurs  in  the  leaves  and  stem  of 
Glaudum  kOmim,  It  may  be  obtained  in  pearly  scales ;  its  taste 
is  bitter  and  acrid,  and  it  forms  salts  with  adds.  Its  composi- 
tion is  not  yet  ascertained. 

L  Olauoojoierine  is  found  in  the  root  of  the  same  plant.  It  is 
bitter  and  forms  salts  of  a  bitter  and  nauseous  taste.  Its 
composition  is  unknown. 

d.  AllulotdB  of  the  SolanftOMs,  the  Strychneo^  and  other  Vegetable 
Families. 

Hyost^amine,  This  base  is  found  in  Hjfost^fomua  nicer  and 
other  species  of  hyoscyamus.  Its  composition  is  not  yet  Imown* 
It  is  extracted  from  the  seeds  by  a  difficult  and  tedious  process, 
and  may  also  be  obtained,  although  with  much  loss,  by  distilla- 
tion with  potash,  like  conicine.  It  is  very  prone  to  decompoeitioo 
when  in  contact  with  mineral  alkalies.  It  crystallises,  when 
pure,  in  radiated  groups  of  needles,  but  sometimes  forms  a 
viscid  amorphous  mass.  When  moist  it  has  a  stupefying  smell 
like  that  of  tobacco.  It  is  veir  poisonous,  causing,  uke  conicine, 
tetanic  spasms.    It  dilates  the  pupil  powerfially.    It  is  fusible 
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and  volatile,  but  is  partly  decomposed  when  distilled.  It  dis^ 
solyes  in  water,  alcohol,  and  ether.  It  neutralises  the  acids^ 
forming  ciystallisable  salts  which  are  veiy  poisonous. 

Daturine.  This  base  is  obtained  from  the  seeds  of  Datura 
stramonium.  It  is,  in  preparation  and  properties,  very  analogous 
to  hyoscyamine.  It  is,  howerer,  less  soluble  in  water,  and 
crystallises  in  fine  brilliant  prisms,  from  its  alcoholic  solution* 
It  is  fusible,  volatile,  and  very  poisonous,  dilating  the  pui>il« 
Its  salts  are  crystallisable  and  very  poisonous.  Its  precise 
composition  is  unknown. 

Stramonine.  This  is  another  crystalline  compound  found 
in  stramcmum.  It  is  crystallisable,  volatile,  soluble  in  alcohol 
and  ether,  insoluble  in  water.  Its  nature  is  uncertain  and  its 
composition  unknown. 

Atropine^  C»t  Haj  NOo  ?  This  alkaloid  is  the  active 
piinciple  of  Atropa  beUadorma.  It  is  obtained  like  daturine, 
and  being  equally  prone  to  decomposition,  much  is  always  lost. 
It  is  sparingly  soluble  in  water  and  e^er,  more  soluble  in 
alcohol.  It  cr3nBtallises  in  white  silky  prisms,  and  sometimes 
forms  an  amorphous  mass  like  ^lass.  It  is  very  bitter,  acrid, 
and  poisonous,  dilating  the  pupil  like  hyoscyamine  and  daturine. 
It  is  fasible  and  volatile,  and  neutralises  acids,  forming  salts 
which  are  bitter,  acrid,  and  poisonous,  and  which  crystallise. 
These  salts,  from  their  very  powerful  action  in  permanently 
dilating  the  pupil,  are  very  well  adapted  for  medical  use,  being 
much  more  uniform  than  the  extract 

«.  Solaniney  C««  Ho«  NO**  ?  This  alkaloid  occurs  in  many 
species  of  Solanum,  as  in  S,  nwrum,  S.  dulcamara,  and  in  the 
potato,  aS.  tuberosum.  In  the  latter  it  is  found  in  laige  quan- 
tity, especially  in  the  shoots,  when  the  tubers  have  germinated 
in  dark  cell^.  The  shoots  are  extracted  with  dilute  sul- 
phuric acid,  and  the  solution  precipitated  while  hot  by 
ammonia.  The  precipitate  is  punfied  by  solution  in  alcohoL 
It  forms  a  crystalline  powder,  very  bitter  and  acrid,  and 
highly  poisonous,  but  not  dilating  the  pupil.  Its  salts  do  not 
crystalhse  readily.  There  is  some  reason  to  suspect  that  the 
alkaloid  of  the  snoots  of  potatoes  may  be  distinct  from  that  of 
the  bittersweet,  Solanum  dulcamara. 

/.  Feratrine,  Cj4  H»<i  N0«  ?  This  alkaloid  is  found  in 
Veratrum  labadUla,  V,  album,  S^e.  It  is  extracted  as  atropine 
is.  and  is  generally  obtained  as  a  crystalline  powder,  nearly 
white,  very  acrid  and  poisonous,  exciting  when  introduced 
into  the  nostril  violent  and  even  dangerous  sneezing.  It  is 
insoluble  in  water,  but  very  soluble  in  alcohol,  and  may  be 
obtained,  by  tiie  spontaneous  evaporation  of  its  alcoholic 
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solatioDy  in  prismatic  crpitalt  several  lines  in  length.  It  is 
coloured  red  both  by  nitnc  and  snlphttrie  add. 

Veratrine,  in  the  form  of  tinctaie,  and  still  more  in  that  of 
ointment  (1  dradmi,  or  -^  drachm  to  1  os.  of  lard),  is  now  mncfa 
naed  as  an  external  application  in  neuralgia  and  obstinate 
riieumatic  pains.  Its  emrts  in  many  cases  axe  highly  bene- 
ficial. In  malting  the  ointment  the  yeratrine  should  first  be 
rubbed  with  a  few  drops  of  alcohol  to  an  impalpable  powder, 
and  the  lard  thai  added.  If  this  be  not  done,  tne  gritty  par- 
ticles of  yeratrine  in  the  ointment  cause  so  much  imtation 
^dien  rubbed  into  the  skin  as  to  preyent  its  use  for  any  length 
of  time.  We  are  indebted  chiefly  to  Dr.  Tumbull  for  oui 
knowledge  of  the  yaluable  properties  of  this  alkaloid. 

ff.  SabadiUine.  This  name  has  been  given  by  Couerbe  to  a 
second  crystalline  body  found  by  him  along  with  yeratrine.  It 
is  alkaline,  soluble  in  hot  water,  insoluble  in  ether,  and  forms 
crystallisable  salts  with  acids.  Couerbe  states  its  formula  to 
be  Ct  o  H  ij  NOs ;  but,  according  to  Simon,  it  is  a  compound 
of  yeratrine  with  resin,  containing  also  resinate  of  soda. 

h.  Colchicine,  This  alkaloid  is  similar  to  yeratrine,  for  which 
it  was  fonnerly  taken.  It  is  found  in  Coldiieum  autumnale. 
It  is  crjrstallisable,  bitter,  and  very  poisonous.  Nitric  add 
colours  it  blue  or  violet.  It  is  soluble  in  water,  alcohol,  and 
ether.  Its  salts  are  crystallisable,  bitter,  acrid,  and  poisonous. 
They  might  probably  be  used  in  medicine  advantageously, 
inst^  of  the  veiy  uncertain  preparations  of  colchicum  which 
are  at  present  employed.  In  a  very  small  dose,  colchicine 
caoses  purging  and  vomiting.    Its  composition  is  unknown. 

t.  AoonUine,  This  alkaloid,  the  composition  of  which  is  un* 
known,  is  found  in  Acaniium  napellw,  and,  probably,  also  in 
A./erosc  and  other  spedes.  It  is  obtained  by  tne  usual  method, 
bu^  being  very  prone  to  suffer  change,  mudi  is  lost.  It  forms 
a  ciystaliine  powder,  or  occasionally  a  vitreous  amorphous 
mass.  It  is  in  the  highest  degree  bitter,  acrid,  and  poisonous, 
and  is  said  by  Oeiger  to  dilate  the  pupil.  On  the  other  hand, 
the  plant  contracts  the  pupil  and  causes  numbness  of  the  part 
to  which  it  is  applied,  and  Dr.  Tumbull  has  obtained  an  aconi- 
tine  possessing  these  properties  in  a  veiy  hi^h  degree.  Either, 
therefore,  there  are  two  bases  in  the  aconite,  or,  as  is  much 
more  probable,  the  aconitine  of  Geiger  having  an  action  dif- 
ferent from  that  of  the  plant,  is  a  product  of  deoompodtioo, 
while  that  of  Tumbull  is  unchanged. 

TumbulFs  aconitine  is  an  in'^uable  remedy  in  the  same 
painful  diseases  in  which  yeratrine  is  employed.  It  is  unfoi^ 
tunately  obtained  in  small  propoHion,  and  as  yet  is  very  expen- 


STBTCHKI5E.  533 

sive.  A  cheaper  and  more  productiYe  method  of  preparing  it 
is  a  very  great  desideratum. 

L  DelphinCy  Ca?  H19  NOt  ?  This  alkaloid,  analogous  to 
yeratrine,  is  found  in  stacetacrey  Delphinum  OapJwmgria,  It 
has  only  been  obtained  hitherto  as  a  yellowish-white  powder, 
not  crystallised,  very  acrid,  and  poisonous.  It  forms  neutral 
salts  hitherto  little  examined.  It  may  be  used  in  the  same 
affections  and  in  the  same  manner  as  veratrine. 

I  Staphisine.  This  is  a  substance  found  along  with  delphine^ 
and  said  to  be  Cj*  Hgj  NO4.  It  is  acrid  and  poisonous,  but 
is  probably  only  a  compound  of  delphine. 

m.  Emetine,  Ca  7  Ha  7  NO  1 0  ?  This  is  the  active  piindple 
of  ipecacuanha,  the  root  of  C^haeiis  ipecaeuanka.  When  pure, 
it  is  a  white  powder,  alkaline,  soluble  in  alcohol  and  in  hot 
-water,  insoluble  in  ether.  -^oIk  grain  acts  as  an  emetic.  In 
a  dose  of  from  2  to  4  grains  it  is  poisonous.  Its  salts  do  not 
crystallise. 

n.  ChiooocdiM  and  0.  Violine  are  two  very  similar  alkaloids, 
found  in  Ckiocoeca  ramosa  and  Viola  odorata.  They  are  sup- 
posed by  some  to  be  emetine  disguised  by  a  little  foreign 
matter. 

p.  Strychniney  C44  H«.  Nt  0.,  or  C44  Ht4  N>  Os.  This 
alLdoid  is  found  in  nux  vomica,  the  seeds  of  Sttychnos  mm 
pomica,  in  St.  Ignatius's  bean,  the  seed  of  S.  Ignatii,  in  the 
wood  of  S,  combrina,  and  in  the  poison  called  Upas  tieuti, 
derived  from  8,  tieuti.  It  is  extracted  hy  decoction  with  dilute 
sulphuric  acid,  precii>itating  the  decoction  with  milk  of  lime, 
and  acting  on  Uie  precipitate,  after  washing  it  with  cold  alcohol, 
by  boiling  alcohol,  which  on  cooling  deposits  the  stiychnine  in 
Tory  regular  transj^rent  brilliant  crystals.  If  brucine  is  pre- 
sent,  it  remains  chiefly  in  the  mother  Uquid,  but  the  two  bases 
may  be  separated  by  converting  both  into  nitrates,  and  crystal- 
lising ;  the  nitrate  of  stiychnine  crystallises  readily,  while  the 
nitrate  of  brucine  remains  dissolved. 

Strychnine  is  very  insoluble,  requiring  7000  parts  of  water. 
It  is  so  bitter,  that  I  part  gives  a  very  strong  and  persistent 
bitter  taste  to  40,000  parts  of  water.  It  dissolves  in  hot  alcohol, 
although  sparingly  if^the  alcohol  be  pure,  and  is  insoluble  in 
ether.  When  pure,  it  is  only  coloured  yellow  by  nitric  acid  ; 
a  trace  of  brucme  causes  it  to  be  reddened  by  that  acid.  It 
forms  crystallisable  salts,  which  are  intensely  bitter.  Their 
solutions  are  precipitated  white  by  alkalies,  by  tincture  of  galls, 
and  by  iodide  of  potassium,  in  white  crystals  by  sulphocyanide 
of  potassium,  and  as  yellow  powders  by  solutions  of  gold  and 
platinum. 

Stiychnine  and  its  salts,  especially  the  latter,  from  their 
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solubility,  are  most  energetic  poisons.  They  produce  spasmodic 
motions,  and  are  used  in  yeiy  small  doses  as  remedies  in 
paralysis  ;  they  seem  to  have  a  specific  action  on  the  lower  part 
of  the  spinal  column.  The  aTerage  dose  is  -^oi  &  grain.  In 
the  event  of  an  overdose,  the  best  antidote  is  infusion  of  gidls  or 
strong  tea,  which  also  contains  tannine. 

q.  Brucme,  G44H7sN«0r.  This  alkaloid  occurs  along 
with  strychnine  in  nux  vomica,  and  also  in  the  fake  angostom 
bark,  the  bark  of  Bmcia  aniiifysenterica.  It  is  prepe^ned  as 
strychnine.  Besides  the  methods  above  mentioned  for  sepa- 
rating the  two  bases,  there  is  another,  which  is,  to  boil  the 
mixture  with  water  as  lonff  as  it  dissolves  brucine,  or  till  the 
strychnine  is  no  longer  reddened  by  nitric  acid.  Brudne  forms 
large  transparent  crystals,  which  I  have  found  to  become  opaque 
in  closely  stopped  phials.  It  is  very  bitter  and  poisonous,  but 
much  less  so  than  strychnine.  It  may  be  used  for  the  same 
purposes  in  a  rather  larger  dose.  It  is  reddened  strongly  by 
nitnc  acid,  and  the  red  solution  becomes  violet  on  the  addition 
of  solution  of  tin.  It  is  thus  distinguished  from  strychnine  and 
morphine.    Its  salts,  for  the  most  part,  crystallise  with  fecOity. 

r.  JervinSj  Ceo  H4s  Na  Os.  This  alkaloid  is  found  m 
white  hellebore,  Veratrwn  {Ubum,  along  with  veratrine,  from 
which  it  is  separated  easily,  as  it  crystallises  first  from  the 
alcoholic  solution ;  and  its  sulphate  is  also  far  less  soluble  than 
that  of  veratrine.  It  forms  a  crystalline  powder,  fusible, 
insoluble  in  water,  soluble  in  alcohol,  and  forming  with  sul- 
phuric, nitric,  and  hydrochloric  acids,  very  eparingly  soluble 
salts,  so  that  the  solution  of  the  acetate  is  precipitated  by  these 
three  acids. 

s,  Curarine,  This  alkaloid  is  obtained  from  the  South 
American  poison  called  curari,  which  is  derived  from  some 
plant  of  the  family  Strychnea.  It  is  a  deadly  poison  when 
mtroduced  into  a  wound,  but  may  be  swallowed  with  impunity. 
The  curarine  forms  a  yellowish  amorphous  bitter  mass,  whidi 
is  more  poisonous  than  the  curari  which  yields  it.  Its  salts 
are  bitter,  but  do  not  crystallisef 

$.  Gorydaliney  C«4  HatNO&^o)  Found  in  the  root  of 
Corydalfs  Mhosa  and  C.fah<icea,  It  forms  a  light  grey  powder, 
very  soluble  in  alcohol,  which  deposits  it  in  crystals.  It  is 
reddened  by  nitric  acid,  and  forms  ciystallisable  salts  with 
acetic  and  sulphuric  acids. 

tf.  Carapine.  Found  in  Carapus  fffdane9mg.  It  is  a  white 
pearly  fusible  powder,  very  bitter,  soluble  in  water  and  aJcdiol, 
insoluble  in  ether,  forming  ciystallisable  salts  with  hydro- 
chloric and  acetic  acids. 

e.  Cusparine,    Found  in  the  true  angnstura  bark,  that  of 
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( irifoliata  or  OiupariafeMftiffa.  It  foims  fusible 
bedial  crystals,  sparingly  soluble  in  water,  very  soluble  in 
alcohol. 

w,  D<tphtdne  occurs  in  the  bark  of  Dapkne  pnidium  and 
2>.  mezereon.  It  is  obtained  by  distilling  the  infusion  with 
magnesia.  It  is  alkaline  and  acrid,  and  forms  ciystallisable 
salte  with  nitric  and  sulphuric  acids,  according  to  Vauquelin. 
Baer  and  Gmelin  could  not  obtain  it. 

X.  Bebeerine  is  the  active  principle  of  the  bark  of  the  bebeeru 
tree  of  Guiana,  which  seems  to  be  analogous  to  quinine.  It 
has  not  been  obtained  crystallised  or  colourless,  but  as  a 
brown  mass,  the  composition  of  which  is  not  yet  ascertained. 
Bebeerine  and  its  salts  are  bitter  and  highly  febrifuge.  Dr. 
Douglas  Maclagan  and  Mr.  TiUey  have  found  its  composition 
to  be  the  same  as  that  of  mor[>hine,  namely  Cttflto  N0«  1 

^.  Sanffuinarine  is  found  in  San^inaria  canadensis.  It 
forms  a  grey  powder,  which  is  alkaline  and  yields  red  salts. 
It  excites  sneezing,  and  is  possibly  identical  with  chelerythrine. 

8,  Azadirine,  mund  in  Afelea  azadirachta,  is  alkaline,  forms 
a  ciystallisable  salt  with  sulphuric  acid,  and  is  powerfully 
febniiDige. 

aa.  Capsieine  is  the  actiye  principle  of  the  capsules  of 
Capsicum  annuum  or  cayenne  pepper.  It  has  a  resinous  aspect 
and  a  burning  taste,  but  when  quite  pure  may  be  crystallised. 
It  forms  crystallisable  salts  witn  acetic,  nitric,  and  sulphuric 
acids.  It  is  soluble  in  alcohol,  insoluble  (when  pure)  in  ether 
and  in  water. 

lb.  Crctcnine  occurs  in  the  seeds  of  Crokm  tiglium,  and  may 
be  obtained  from  croton  oil  by  boiling  it  with  water  and  mag- 
nesia. It  forms  crystals,  which  are  f^ble,  soluble  in  alcohol, 
insoluble  in  water.  It  forms  crystallisable  salts  with  sulphuric 
and  phosphoric  acids. 

ec.  Buacine  occurs  in  Boxwood  bark.  It  forms  a  bitter, 
brown,  amorphous  mass,  soluble  in  alcohol,  alkaline,  and  form- 
ing a  crystalline  sulphate.    It  excites  sneezing. 

dd.  Apyrine.  Found  in  Cocos  lapidea.  It  is  a  white  alkaline 
powder,  forming  crystalline  salts  with  acids. 

ee.  C^napine.  From  ^husa  aynapitm.  It  is  crystallisable, 
soluble  in  water  and  alcohol,  and  forms  a  crystalline  sulphate. 

ff.  dssampdine^  or  Pehstne,  from  Cissampelos  Pareira,  is  a 
white  powder,  soluble  in  alcohol  and  ether ;  alkaline,  forming 
soluble  salts,  of  which  the  hydrochlorate  crystallises. 

gg.  Osyaeanthins  and  Berberine  are  two  bitter  substances 
found  in  the  barberry,  Berberis  vtdgaris.  The  former  is 
decidedly  alkaline,  and  forms  crystallisable  salts.    The  latter 
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is  bitter,  yellow,  and  feebly,  if  at  all,  alkaline.   It  crystalliaes, 
and  is  used  in  dyeing.    Its  fonnula  is  Ca  >  H i  •  NO t  «• 

hh,  Surinamine  and  Jamaicine  are  two  alkaloids,  found  in 
GeoffroM  Surinamenns  and  G,  inerrnds.  Both  are  crystallisable, 
anoform  ciystallisable  salts ;  those  of  the  latter  are  precipitated 
by  tannine  and  corrosive  sublimate. 

ii.  Piperine,  CatHtsNOa.  This  compoond  is  found  in 
pepper.  Piper  nigrum,  and  P.  longvm.  It  is  crystallisable, 
soluble  in  alcohol,  yeiy  pungent.  It  is  a  feeble  base,  but  does 
form  salts,  especially  double  chlorides,  containing  hydro- 
chlorate  of  piperine. 

Ik,  Mmisoermine  and  Parammupermine  are  found  in 
Cooculua  inaiew,  the  seed  of  Menispermum  coceulus.  Meni- 
spermine  is  white,  fusible,  crystallisable,  and  fonns  salts,  of 
which  the  sulphate  crystallises.    Its  fonnula  is  Ci  •  Hi  •  N0>. 

Paramenispermine  has  the  same  composition.  It  is  less 
fosible,  but  sublimes  at  a  high  temperature.  It  does  not 
appear  to  form  definite  salts.  Both  are  insoluble  in  water, 
and  soluble  in  alcohol ;  and  paramenispermine  is  inaoluble  in 
ether. 

U.  Hartnaline,  Ca4  Hia  NO.  This  alkaloid  occurs  united 
with  phosphoric  acid  in  the  seeds  of  Pegawum  HarmeUa.  It 
forms  brownish-yellow  prisms,  bitter,  astringent,  and  acrid, 
very  soluble  in  alcohol,  little  soluble  in  water  or  ether.  It  is 
fusible,  and  partly  volatile.  It  forms,  with  acids,  yellow  ciys- 
tallisable salts.  By  oxidising  agents,  harmaline  is  transformed 
mto  a  red  matter,  which  forms  red  salts  with  adds.  The 
harmala  red  of  commerce  is  the  powder  of  the  seeds  already 
transformed  into  the  phosphate  of  the  red  harmaline.  It  is 
used  in  dyeing,  especially  in  giving  to  silk  every  shade  of  red, 
rose-colour,  and  pink.  It  is  produced  abundantly  in  the  steppes 
of  southern  Russia,  and  is  little  known  out  of  that  country. 
Fritzsche  states  that  by  oxidation  harmaline  yields  two  new 
bases,  leucoharmine  and  chrysoharmine,  the  composition  of 
whicn  is  not  given. 

mm.  Theobromine,  C9  Hs  Na  Os.  This  is  a  crystalline  com- 
pound, found  in  cacao,  the  seed  of  Theobroma  eaoao.  It  can 
hardly  be  called  an  alkaloid.  It  is  very  analogous  to  the  next 
substance,  caffeine. 

nn.  Caffeine,  Cs  Hs  N>  Ot.  Stn.  Th^ne,  Guartmme. 
This  remarkable  compound  is  found  in  coffee,  in  tea^  in 
Guarana  offieinalie,  or  Paullinia  sorhiUs,  and  in  Hex  para- 
gtM^eneie.  It  is  best  obtained  bv  adding  to  a  decoction  of  tea 
a  sliffht  excess  of  acetate  of  lead,  and  evaj^orating  to  dzynesB 
the  filtered  liquid.    The  diy  mass  mixed  with  sand,  is  heated 
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in  tbe  apparatus  described  for  benzoic  acid,  when  caflfaine  is 
obtained  in  crystals.    Tea  yields  more  than  1  per  cent. 

Caffeine  forms  fine  white  prisms,  of  a  silky  lustre,  which  tan 
soluble  in  water,  alcohol,  and  ether,  bitter,  insible  and  volatile. 
It  is  a  feeble  base,  but  forms  with  hydrochloric  add  and  sul- 
phuric acid,  salts  which  yield  Yerjr  laree  crystals. 

It  is  very  remarkable,  that  caffeine  e£onld  approach  so  nearly 
in  composition  to  alloxan  and  alloxantine.  Anhydrous  aUozaOy 

fins  1  eq.  water,  is  C*  N*  Hs  Oi  i,  and  alloxantine  is  C«  Nt 
Ts  Oi  o,  while  caffeine  is  C«  Ns  Hs  0»,  differing  from  the  one 
by  9,  from  the  other  by  8  eq.  oxygen. 

We  shall  hereafter  see  how  close  a  connection  can  be  traced 
between  the  bile  and  the  urine ;  but  in  the  meantime  it  is  a 
most  strikinff  fact,  that  tea,  coffee,  Paia^y  tea,  and  gnarana, 
are  all  used  by  different  and  distant  nations  for  the  same  pur- 
pose, namely,  as  a  refreshing  and  gently  stimulating  dnnk, 
whidi  notoriously  promotes  the  vital  functions,  while  all  these 
plants  contain  the  very  same  compound,  and  tnat  one  allied  to 
the  bile  and  the  urine,  the  chief  products  of  the  vital  meta- 
morphosis. The  quantity  of  caffeme  in  tea  is  indeed  small, 
but  not  too  small  to  have  a  perceptible  influence  on  the  S3r8tem. 
Peligot  has  shown  that  gunpowder-tea  contains  6  per  cent,  of 
th^e  (caffeine). 

By  the  action  of  nitric  acid,  caffeine  yields  a  crystalline  nitro- 
genised  compound,  nUrcthHne* 

Besides  caffeine,  or  th^e,  tea  contains  14  or  15  per  cent,  of 
caseine,  and  the  leaves  are  therefore  nutritious,  when  eaten, 
as  they  are  by  some  oriental  nations. 

e.  Alk&loids  found  in  the  animal  organiim. 

Onlv  two  such  bases  are  yet  known,  namelv :  urea,  alreadv 
described  as  occurring  in  the  urine ;  and  IreaHnine,  whicn 
Liebig  has  detected  both  in  the  juice  of  flesh  and  in  urine,  and 
which  will  be  described  as  an  artificial  base,  it  having  been 
first  observed  as  a  product  of  the  action  of  acids  on  kreatine. 

The  following  substances  have  been  noticed  as  alkaloids,  but 
are  very  little  Imown :  Castine  in  Vitex  agnus  castus;  Ctdoine 
in  Cicuta  virosa;  Chasroph^Uine  in  CfumvphyUum  hdbosum; 
Esenbechine  in  Esenbeckta  mfriju^a;  DigUaUne  in  DwitaUi 
purpurea  ;  Bupaforine  in  jEupatarium  ccmnabinum  ;  EuphoT" 
oine  in  JBuphorUum;  ConvotvuUne  in  Convolvultu  KomimO' 
nium  ;  and  Pereirine  in  Pereira  hark. 

2.  Artificial  oiganic  baaea. 
Within  the  last  few  years,  a  very  considerable  number  of 
artificial  organic  bases  have  been  formed,  and  the  number  it 
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rapidly  incrauiiig.  We  have  already  briefly  alladed  (page  521) 
to  the  Bonices  and  mode  of  preparatioii  of  this  class  of  artificial 
compoimds^  but  we  shall  here  offer  a  few  general  remarks  on 
the  subject. 

All  the  organic  bases,  at  least  all  those  which  are  analogous 
to  ammonia  in  their  relation  to  acids,  and  the  salts  of  which 
ondeii^  the  ordinary  decompositions,  contain  nitrogen  as  an 
essential  element.  The  only  organic  compounds  ever  called 
bases  which  do  not  contain  nitrogen,  are  the  oxides  of  ethyle, 
methyle,  and  other  analogous  radicals.  Bat,  as  formerly 
observed,  these  oxides  have  not  the  thove  mentioned  characters 
of  ammonia,  and  their  salts  do  not  undergo  the  usaal  decom- 
positions. It  is  true  that  oxide  of  kakodyle,  which  is  a  perfect 
base,  contains  no  nitrogen ;  but  kakodyle  has  all  the  chemical 
relations  of  a  metal,  and  its  oxide  cannot  be  dassed  with  the 
true  oiganic  bases. 

Nitrogen  being  an  essential  constituent  of  oiganic  bases,  it 
is  very  natural  that  aounonia  ^ould  generally  be  directly  or 
indirectly  concerned  in  their  formation,  when  they  are  denved 
from  non^asotised  substances.  Such  is,  in  point  of  &ct,  very 
often  the  case.  Thus,  for  example,  bases  are  formed  when 
ammonia  acts  on  oil  of  bitter  almondfs,  <m  forfnrole,  and  on  oil 
of  mustard.  Again,  bases  are  very  often  formed  by  prooesaes 
of  redaction,  ihai  is,  of  deoxidation.  For  example,  aniline, 
picoline,  ana  leucoline,  occur  in  the  destructive  distillation^  a 
process  of  reduction  ;  and  thialdine  is  formed  by  the  action  of 
sulphuretted  hydrogen,  a  powerful  reducing  agent,  on  aldehyd- 
ammonia.  Here  ammonia  is  also  present;  and  perhaps  the 
most  powerful  and  successful  means  at  our  command  for  the 
production  of  artificial  bases,  is  the  combined  action  of  ammo- 
nia and  sulphuretted  hydrogen,  or,  in  other  words,  the  use  of 
sulphuret  of  ammonium. 

Bases  are  obtained  when  sulphuret  of  ammonium  is  made  to 
act  on  nitronaphtalase,  nitronaphtalese,  nitrobenzole,  dinitro- 
benzole,  and  nitrotoluole. 

In  some  cases,  bases  are  formed  when  azotised  compounds 
are  heated  with  potash  or  with  baryta.  Thus,  isatine,  chlori- 
satine,  &c.,  when  heated  with  potash,  jield  aniline  and  chlo- 
raniline ;  leucoline  is  formed  by  Uie  action  of  potash  on  quinine, 
&c.,  melamine  and  ammeline,  when  melam  is  lx>iled  with  potash ; 
glycocoll  is  obtained  by  heating  ffelatine  vrith  potash,  and  sar- 
cosine,  by  heating  kreatine  with  baryta.  As,  in  most  of  these 
cases,  hydrogen  gas  is  dven  off,  the  process  is  apparently  one 
of  partial  oxidation,  and  we  see  therefore  that  reduction  is  not 
essential. 
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Occftsioiially,  acids,  when  boiled  with  azoiised  compounds, 
give  rise  to  bases.  Thos,  elvcocoll  is  fonaed  when  hipporic 
acid  is  boiled  with  hydrooiloric  acid ;  and  kreatine^  when 
boiled  with  strong  acidls,  yields  the  base  kreatinine. 

Artificial  nrea,  already  described,  is  produced  by  a  sponta- 
neous transformation  of  cyanate  of  ammonia. 

Snch  are  the  modes  in  which  artificial  bases  are  formed,  as 
far  as  we  know  them  at  present  Most  of  them  are  of  very 
recent  discovery,  and  it  is  probable  that,  when  more  extensivelv 
applied,  they  will  yield  many  new  bases.  New  methods  will 
also  be  discovered,  and  we  may  hope,  ere  long,  to  solve  the 
problem  of  the  artificial  prodnction  of  the  vegetable  alkaloids, 
a  class  of  compounds  of  tne  highest  value  in  medicine. 

Ahreadv  we  have  formed  artificially  two  natural  bases, 
namely,  kreatinine  and  urea ;  and  although  we  have  not  yet 
produced  quinine  or  morphine,  yet  several  of  the  artificial 
bases  approach  very  closely  in  composition  to  that  class  of 
bodies.  Thus  fnrfurine  C*o  N*  Hi«0«  approaches  to  mor- 
phine Cat  NHao  Oo.  Again,  we  cannot  yet  form  nicotine, 
Cio  H«  N,  or  conicine,  Gi«  Hi«  N ;  but  we  have  produced 
aniline,  Ci  > Hr  N ;  leucoline, d s Ha  N  ;  toluidine, Ci « Ha  N ; 
seminaphtalidine,  Cio  Hs  N;  and  naphtalidine,  C«o  Hs  N; 
and  several  of  these  approach  to  nicotine  and  conicine  as  closely 
in  properties  as  they  do  in  composition. 

It  is  important  to  observe,  that  we  seem  to  have  acquired  in 
some  degree  the  remarkable  power  possessed  by  the  living 
vegetable,  of  causins  less  complex  molecules  to  coalesce  so  as  to 
cive  rise  to  those  'vniich  are  more  complex.  Thus,  when  oil  of 
bitter  almonds  Ci  «H«Os  is  converted  into  amanne  C4«Hi  aN*, 
or  picrine  Gi*  N4Hi*0i«,  3  eqs.  must  have  coalesced  into  1, 
and  to  yield  loi^iine,  €« e  H  i  o  N*,  4  eqs.  must  have  been  used. 
Again,  whenfurfurole,Ci  •  Ho  Oo,  yields  furfnrine  Cj  o  Ns  H  i « 
Oo,  2  eqs.  must  have  coalesced.  Till  the  discovery  of  such 
artificial  products,  all  those  organic  compounds  formed  by  art 
were  the  results  of  an  opposite  process,  namely,  of  the  breiucing 
down,  or  resolution,  of  more  complex  into  less  complex  mole- 
cules. We  could  imitate  Nature  in  her  destructive  processes, 
but  not  in  those  of  a  constructive  character.  Now,  to  a  certain 
extent,  we  can  do  both.  .  It  is  hardly  necessary  to  point  out 
the  importance  of  the  power  alluded  to,  which  may  hereafter 
l«id  to  the  discovery  of  the  means  of  artificially  producing  the 
highly  complex  molecules  which  characterise  the  animal 
kinga(»n.  it  is  in  this  point  of  view  that  the  formation  of 
artificial  bases  is  so  interesting,  and  on  this  account  we  have 
nn2 
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dwelt  at  Bome  length  on  the  general  natoie  of  the  procowm 
employed  to  produce  them. 

We  shall  now  briefly  describe  the  artificial  bases,  in  so  far 
as  they  have  not  hitherto  been  mentioned,  and  we  shall  gionp 
them  according  to  their  properties  and  the  sources  whence  they 
are  deriyed. 

a.  Volatile  oily  artificial  alkaloids. 

Aniline  d  «  Hr  N.  Stn.  ChytiaUiney  Bewsidam,  Eyanole. 
This  base  has  alreadjr  been  described  as  derived  from  indigo, 
anthranilic  acid,  and  isatine,  and  as  produced  also  by  the  action 
of  bases  aided  by  heat  on  nitrotoluole  (protonitrobenzoene).  It 
is  further  produced,  alone  with  other  bodies,  when  nitrobenaole 

aitrobenzide)  is  distilled  with  alcohol  and  potash,  and  whai. 
e  same  compound  is  acted  on  hy  sulphuret  of  ammoninnu 
Lastly,  it  occurs  in  coal  tar,  and  in  the  oil  obtained  by  the 
destructive  distillation  of  animal  matter. 

We  shall  ^ve  here,  in  one  view,  the  equations  which  explain 
the  production  of  aniline,  as  no  other  compound  admita  of 
being  produced  in  so  great  a  variety  of  wa]rs,  and  all  these 
equations  are  instructive. 

1.  Ci4NH6  08,H0  =  2C0a  +  CisHr  N 

Anthranilio  add  Aniline. 

2.  Ci«NHs04  +  4(KO,HO)  =  4(K0,C0s}  +  CisHtN  +  H« 


^^'*{n04}    +2BaO  =  2(BaO,CO«)  +  Ci«HyN 

Nitrotoluole.^    '  -^'^•• 

4.Ci«  {^Q^  V  +  6(NH48)  =  4HO  +  6NH»  +  C^aHfN  +  Se 

5.2Cia  I  Jjj^  |+C4HeO« +  2(K0,H0)  =  Ci«H.N  + 

^  Nitroben«>le.  ^         ^"^^^^  HibS^ 

CiaH7N+2  CaOa,KO  +4HO 

Aniline.         Oxalate  of  potash. 

These  equations  will  give  the  reader  some  idea  of  the  great 
variety  of  processes  by  which  one  organic  base  may  be  formed, 
and  it  is  probable  that  every  one  of  these  processes  may,  if 
applied  to  other  compounds,  give  rise  to  other  bases.  In  hu^ 
this  is  abeady  the  ease,  as  will  be  seen  further  on^  with  the 
processes  No.  2,  3,  and  4. 


ANILINE.  541 

Besides  the  above  sources  of  aniline  there  is  another,  namely, 
the  destmctiye  distillation  of  azotised  matter.  That  of  indigo 
is  explained  W  No.  1,  as  anthranilic  add  is  probably  first 
fonn^  and  then  destroyed.  Bat  aniline  is  perhaps  best 
obtained  from  the  basic  oil  of  coal  tar.  The  cmde  oil  of  coal 
tar  is  well  agitated  with  hydrochloric  add,  which  takes  up  the 
basic  oils  in  an  impure  state.  They  are  separated  from  the 
add  by  ammonia,  and  consist  chiefly  of  aniline  and  leucoline. 
The  former  is  found  in  that  part  of  the  oil  which,  when  it  is 
rectified,  passes  at  near  360**,  and  it  is  purified  by  rectification 
till  it  distils  at  that  temperature,  combining  it  with  oxalic  acid, 
purifying  the  oxalate  by  ciystaUisation,  and  distilling  the  pure 
salt  with  potash. 

Aniline  is  a  colourless  oil,  highly  refracting,  of  Sp.  G.  1*0520. 
It  has  a  burning  taste,  and  a  pleasant  vinous  smell  when  pure. 
It  turns  the  deficate  purple  of  the  dahlia  to  ffreen,  but  does  not 
act  on  turmeric.  A  drop  of  it  on  fir-wood,  moistened  with 
hydrochloric  add,  strikes  a  deep  yellow  colour.  It  produces  a 
deep  but  fugitive  purple  with  a  solution  of  bleaching  powder. 
It  neutralises  adds,  forming  salts  which  have  a  very  great  ten- 
dency to  crystallise,  hence  Uie  name  crystalline.  In  combining 
with  oxygen  adds,  aniline^  like  ammonia,  takes  up  1  eq.  of 
water,  but  it  combines  directly  like  ammonia  with  hydro- 
gen adds.  Like  ammonia  also,  its  chloride  forms  double  salts 
with  bichloride  of  platinum  and  other  analogous  salts. 

Nitric  add  converts  aniline  into  nitrophenisic  ^picric  or 
nitropicric)  acid ;  and  by  the  action  of  chlorme,  and  oi  chlorate 
of  potash  with  hydrocluoric  add,  it  is  converted  into  chloro- 
phenisic  and  chlorophenusic  adds,  chloranile  and  trichlorani- 
une.  Bromine  proauces  tribromajiiline.  These  transforma- 
tions prove  that  aniline  belongs  to  the  series  of  phenyle,  as 
formeny  explained.    In  fact,  it  has  the  compodtion  of  pheny- 

lamide,  for  Ci  •  Hr  N  =Gx  •  |  ^J  l  See  table,  p.  517. 

The  analogy  of  aniline  with  ammonia  extends  beyond  what 
has  been  above  stated ;  for  as  ammonia  forms,  under  certain 
drcumstances,  such  compounds  as  oxamide  and  carbamide,  the 
latter  only  known  in  combination,  so  does  aniline,  under  simi- 
lar drcumstances,  yield  analogous  compounds,  axaniiide  and 
etH^anUide.  It  even  yields  formanUiae,  the  analogous  com- 
pound to  which^  formamide,  is  not  known.  A  compound  has 
also  been  obtained  in  which  the  oi^gen  of  carbanilide  is 
replaced  by  sulphur.    (Gerhardt.    Hoffman.) 

Hoffman  has  also  discovered  that  cyanate  of  aniline  sponta- 
neously passes  into  (miHne-urea  as  cyanate  of  ammonia  does 
into  urea. 
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It  has  already  been  mentioned  that  by  heating  chlorisatine, 
bromisatine,  &c.,  with  potash,  basee  and  neutral  compounds 
are  obtained  in  which  tne  hydrogen  of  aniline  is  replaced  by 
chlorine  and  bromine,  and  that  by  the  action  of  snlphnretted 
hydrogen  and  ammonia  on  dinitrobenzole,  another  base,  nitia- 
niline,  is  formed,  in  which  1  eo.  of  hydrogen  is  replaced  by 
1  eq.  of  nitrons  acid.  A  table  of  these  last  oomponnds  having 
been  already  given  (see  p.  518),  we  shall  here  give  only  a 
tabular  view  of  the  analogy  between  aniline  and  ammonia. 

Ammonift  in  its  1 V- IT.  Aniline  in  its  1^     •»» 

chloride,  &c.    f^^'  chloride,  &cj^*''^^' 

AmmoniA  in  its  1^  N  Hs,  H  O  =  Aniline  in  its  1  Ci*  N Ht,  H  O  =: 

sulphate,  &c.    j  N  H4, 0  sulphate,  &cjCisNH8,  O 

Ammonia  pkti- 1  N  H4  CI  +  Aniline  {dati-  1  Cia  NHs,  CI  + 

num8alt,&c.  J  Pt  Cla  num  salt,  &c.  J  Pt  CIs 

Oxamide{5fjJ;g»^;- j_.2H0  0»nilide|(C^.^NH.0,C.O.) 

It  is  impossible,  after  considering  the  facts  exhibited  in  the 
above  table,  to  donbt  the  perfect  imalogy  existing  in  all  their 
chemical  relations,  between  ammonia  and  aniline.  Onr  space 
will  not  admit  of  farther  details  concerning  the  remarkable 
derivatives  of  aniline  here  mentioned. 

PieoHne,  Ci  >  Hr  N,  is  another  volatile  oily  base,  isomeric 
with  aniline,  lately  discovered  in  coal  tar  by  Dr.  T.  Anderson. 
It  is  fonnd  in  the  more  volatile  portion  of  the  basic  oil,  boiling 
at  272^  It  has  no  action  on  bleaching-liqnid  or  on  Bx  wood. 
It  is  a  powerful  base ;  and  as  it  has  a  strong  penetrating  odour, 
it  is  probably  identical  with  the  odorine  of  Unverdorben,  which, 
however,  was  not  obtained  in  a  state  of  parity.  Under 
NaphtckUne,  we  shall  return  to  the  isomerism  of  aniline  and 
picoline. 

Leucoline,  Syn,  Qmnoline.  Ci  •  H0  N.  This  base  is  found 
in  the  least  volatile  portion  of  the  basic  oil  of  coal  tar,  and  is 
also  formed  when  qumine,  cinchonine,  st]7chnine,and  udaldine 
are  heated  with  potash.  It  has  a  disagreeable  smell,  and  boils 
at  460''.  Its  Sp.  G.  is  1*081.  It  neutralises  acids,  forming 
crystallisable  salts.  Its  refractive  and  dispersive  power  is  as 
high  as  that  of  bisulphuret  of  carbon. 

Toluidine.  C 1 «  H»  N.  This  base  is  formed  by  the  action 
of  sulphuretted  hydrogen  and  ammonia  or  nitrotolnole,  as 
aniline  is  from  nitrobenzole.    It  is  derived  from  the  fundsr 
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mental  compound  of  the  series,  tdlnole,  Ci «  H;  as  aniline  is 
from  benzole  or  phdne,  Ci»  H«. 

Ci4{5q^}  +6NH4S=6NH8+4H0  +  Ci4H»N  +  8e 

Tolnidine  is,  in  taste  and  smell,  yeiy  similar  to  aniline ;  and, 
although  solid  and  ciystalline  at  the  ordimuy  temperature,  it 
melts  at  104^  to  a  highly  refracting  oil,  which  boils  at  388^ 
It  also  tuns  fir  wood  yellow,  wiu  the  aid  of  hydrochloric 
acid.  It  belongs,  therefore,  evidently  to  the  class  of  volatile 
oily  bases,  none  of  which,  as  we  have  seen,  contain  oxygen. 

With  bromine,  tolnidone  yields  a  crystalline  body  Cii 

<  -D^  >  N;  and  chlorine  appears  to  form  an  analogous  com- 
pound. These  products  correspond  to  tribromaniline  and  tri- 
chloraniline. 

Let  us  now  place  together  the  natural  and  artificial  oily 
bases,  and  we  shall  be  struck  with  the  analogy  in  their  com- 
position. 

Nicodne  do  Hs  N  1  v-*«-i  .»n^ 

AnilinoC 


PicolineCi>iH7N    I  . 


x^iwun«^iii«7x^     V Artificial  dly  bwefc 
TolmdineCi4H»N  P'-^^^iaiu  «*7  "■«»• 

Leucoline  G I  s  H  a  N  J 

The  analc^  extends  to  the  properties  of  these  bases;  for 
aniline  is  said  to  be  poisonous,  and  we  have  seen  that  in  all 
the  external  characters  are  similar. 

Aniline  and  toluidine  have  been  formed  from  the  two  carbo- 
hydrogens,  benzole  Ci  >  H«,  and  toluole,  Ci 4  H«,  by  first  con- 
verting them  into  nitrobenzole  and  nitrotoluole,  and  then 
treating  these  compounds  as  above  explained.  It  is  evident, 
therefore,  tiiat,  if  we  had  the  carbohydrogens,  Cio  H«  and 
Ci «  Hi  5,  we  might  expect  to  be  able  to  form  nicotine  and 
oonicine. 

6.  Bues  deriTcd  liom  Napbtaline. 
These  bases  are  formed  in  a  manner  quite  analogous  to  that 
in  which  aniline  is  produced  from  benzole,  and  toluidine  from 
toluole.  The  carbohydrogen  is  first  converted,  by  the  action  of 
nitric  acid,  into  a  compound  in  which  H  is  replaced  by  N  O4 ; 
and  the  new  product,  according  to  the  ingenious  process  devised 
by  Zinin,  is  dissolved  in  alcohol,  and  acted  on  by  ammonia  and 
sulphuretted  hydrogen. 
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Smiinaphtalidine,  d  o  Hs  K,  is  obtained  wlien  nitran&phta- 

Idse  is  treated  by  .Zinin's  process. 

Cto{^jQ^+12NH4S=8HO  +  12NH8+Sia  +  2(CioH»N) 

NltrouphUa^ie.  «-««-*«     ««-. 

It  forms  reddish-yellow  prisms,  of  metallic  Instre,  insolnble 
in  water,  soluble  in  alcohol  and  ether,  and  yielding  ciystallisable 
salts  with  acids. 

NaphtaUdine,  C«  o  H*  N,  is  produced,  in  a  similar  way,  from 
nitronaphtalase. 

C«o-f5^.]-+6NH4B=4HO  +  6NHt+S«+CaoH«N 


Nttronaphtalaw. 

It  appears  in  the  form  of  colourless  crystals,  soluble  in 
alcohol  and  ether,  and  combines  with  adds,  yielding  crystal* 
Usable  salts. 

c  Bttes  deriTod  firom  Oil  of  Mnstoid. 
These  bases  have  already  been  briefly  described  under  the 
head  of  Oil  qf  Mustard,    They  are  as  follows : 

1.  Thioiinnamine,  Cs  Ha  Na  St^  formed  by  the  action  of 
anunonia  on  oil  of  mustard. 

CsH«NSa  +  NHa  =  GeH«N8Sa 

Ofl  of  Mottard.  TIiIoiIiuiabbJm. 

2.  Sntnamme,  C«  Hs  Nt  or  €«  K*  N,  fonned  when  thio- 
sinnamine  is  acted  on  by  hydrated  oxide  of  lead. 

C«H«KaS9-h2(PbO,HO)  =  2PbS  +  4HO  +  CaH«Na 


3.  SmapoHne,  Ci «  Hi  t  N*  0>,  fonned  when  oil  of  mustazd 
is  acted  on  by  baryta  or  oxide  of  lead. 

2(C^aNSa)  +  6PbO  +  2HO  =  2(PbO,CO«)  +  4PbS  + 

OUoflfiutaid. 

Ci4HiaNa0t 

BiaapoUnt. 
The  above  equations  will  serve  to  explain  the  formation  of 
these  remarkable  compounds,  all  of  wnidi,  it  will  be  ae&k, 
are  produced  by  the  action  of  bases,  and  one  of  which  contains 
sulphur,  an  element  hitherto  only  known  to  occur  in  one  other 
oiganic  base,  namely,  thialdine. 
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d.  Bttes  derived  from  Aldehyde. 
These  bases  are  of  recent  discovery,  and  have  been  briefly 
mentioned  under  Aldehyde.     For  the  convenience  of  the 
reader,  we  here  repeat  the  equation  which  illustrates  their 
formation. 

3(NHa,C4H40j)  +  6HS=2(NH4,S)  +  6HO  +  CiiHi8NSa 
Aldalqrdamiiionia.  Thialdine. 

Selendldmey  da  HiaNSe»>  is  formed  by  a  perfectly  anap 
logons  process. 

e.  Bases  derived  from  Mekm. 

These  bases  have  been  already  described,  p.  328 ;  bat  we 

shall  here  repeat  the  equation,  for  the  sake  of  easy  reference. 

When  melam  is  boiled  with  potash  it  yields  two  bases,  mdamine 

and  aumeline. 

CiaHiiOe  +  2(KO,HO)=:CeH6Ne  +  CeNaHs08  +  2KO. 


/.  Bases  derived  from  Oil  of  Bitter  Almonds. 
Two  of  these  bases  have  also  been  mentioned,  p.  360,  and 
another  has  since  been  described.    We  shall  now,  as  was  pro- 
nused  under  Amarine  and  LophitMy  give  a  brief  account  of 
these  compounds. 

Amariney  C%j  Hi  a  Na,  is  formed  from  hydrobenzamide, 
with  which  it  is  isomeric  or  polymeric,  by  boiling  the  latter 
compound  with  potash.  The  formation  of  hydrobenzamide  is 
thus  explained : 

S(Gi4HeOa)  +  2NH8  =  6HO  +  G49HiaN9 
Hydnrtt  of  Buaafim,  Hydiobeuamide. 

When  hydrobenzamide,  a  neutral  compound,  is  boiled  with 
potash,  a  new  arrangement  of  particles  takes  place,  and  a  base 
IS  the  result.  It  is  possible  that  hydrobenzamide  is  really  = 
C^.H.aN,,  ^^^  j^  ^^  represent  ?  ( J  of  N)  by  Az,  then 

8  8 

hydrobenzamide  will  be  Ci«  Ho  Azs ;  that  is,  hyduret  of 
Mnzoyle,  in  which  0>  is  replaced  by  Az».  In  this  case  3  eqs. 
of  h^rdrobenzamide,  do  H«  Az«,  coalesce  to  form  1  eq.  of 
amarine;  3  fCiiHo  Az«)=:C4ff  HiaNa. 

Amarine  forms  fine  white  needles,  soluble  in  hot  alcohol, 
insoluble  in  water.  It  has  all  the  characters  of  a  powerful 
Mgamcbase. 
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LooMne,  C4oHioNf,i8  formed  when  hydrobenzamide  is 
distiUed.  Ammonia  is  given  off,  then  a  fragrant  oil  and  a  mass 
is  left,  from  which  ether  removes  a  substance  not  yet  examined, 
leaving  the  lophine  undissolved.  Lophine  is  SQloUe  in  alcohol 
with  the  aid  of  acids,  and  is  pfedpitaied  by  ammonia.  It  fonns 
fine  silky  cryaftals,  which  poescBs  all  the  characters  of  a  base. 
We  eannot  as  yet  represent  its  fonnation  accurately,  becanse 
the  accompanymg  products  have  not  yet  been  properly  investi- 
gated ;  bat  it  is  evident  thatif  hydrobenzamide  be  C it  Hi  ■  Nb, 
then  2  eqs.  at  least  most  be  required  to  yield  one  of  lophine; 
and  if  hydrobenzamide  be  CitHsAz*,  as  suggested  nnder 
Afnarinef  less  than  4  eqs.  could  not  fiounish  one  of  lophine. 

By  the  action  of  hot  nitric  add,  lophine  yields  a  vellow 
crystalline  compound,  trinitolopfyle,  the  formula  of  which  b 
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Pfcrtfl«,  Syn.  Pkryle,  Ct*  Hi»  NO4,  is  fonned  m^en  tlie 
mass  produced  by  acting  on  oil  of  bitter  almonds  by  sulpkoiei 
of  ammonium  is  distilled.  It  is  one  of  a  larj^  numner  of 
products,  not  fiiUy  examined,  so  that  its  formation  cannot  be 
represented  in  the  usual  way.  It  must  be  produced,  however, 
by  the  coalescence  of  3  eqs.  of  the  oil.  It  forms  colourless 
octahedrons,  insoluble  in  water.  It  appears  to  have  the  pro- 
perties of  a  weak  base. 

By  the  action  of  nitric  add,  picrine  is  converted  into  ayaUow 

crystalline  powder,  trinitropictyley  C*.  j  g  j^q^  >  NO*. 

The  formation  of  the  three  preceding  bases  is  Y&ry  important, 
in  reference  to  the  views  expressed  in  the  general  remarks  on 
the  artificial  bases,  as  they  are  good  examples  of  the  power  of 
building  up  complex  molecules  from  such  as  are  leas  complex. 

g*  Hue  derived  from  Fuifiirole. 
Fmfurde,  Cis  Ho  Oe,  is  a  volatile  oil  obtained  by  heating 
bran  with  sulphuric  acid.  When  this  oil  is  acted  on  by  ammonia, 
it  3rields  a  crystalline  compound,  fwfiirolamdey  analogous  to 
hydrobenzamide.    Its  formula  is  Cis  NHo  0<. 

Ci(iHoOe+NH»  =  3HO  +  CiaHcNOs 

Forftirola.  FarAttoUunlda. 

FwrfurinCy  Cjo  Hi  t  Ns  Oo,  is  a  base,  fonned  whim  furfnro- 
lamide  is  dissolved  in  hot  potash,  just  as  amaiine  is  formed 
from  hydrobenzamide.  Here  2  eqs.  of  frirfuidamide  ooalesoe 
to  form  1  eq.  of  the  base. 

Furforine  is  a  powerful  base,  soluble  in  hot  water,  and 


KBEATIHIirB.  547 

ciptalluable.  It  expels  ammonia  from  its  salts  when  heated 
with  them,  and  forms  aystalline  salts  with  acids.  In  com- 
position it  approaches  nearly^  to  aevend  vegetable  alkaloids. 

h.  Bues  derived  from  NarootiiiB. 
These  bases,  Cotamine,  Cas  Hta  N0«,  and  Nareogmimy 
CieHitNOio,  have  been  already  described  nnder  Narcoiine. 

i.  Bases  derived  from  Animal  Products. 
GfycocoU.  Syn.  Sugar  of  gelatine,  C*  NHs  0*.  This 
remarkable  compound  was  first  obtained  among  the  products 
of  the  decomposition  of  gelatine  by  boiling  wiUi  potash  or  witli 
acids.  But  Dessaignes  nas  lately  discovered  that  it  is*  best 
prepared  by  heating  hippuric  acid  with  hydrochloric  acid, 
when  water  is  taken  up,  and  benzoic  acid  is  the  only  other 
product. 

GieNHoOo  +  2HO=iCi4H«04  +  C4NHAO4 

Bydiated  hippurio  add.    Hydrated  benzoic  add.  Hydrated  gljcocoIL 

It  forms  laiige  transparent  ciystals,  soluble  in  water,  and  veiy 
sweet.  It  has  the  properties  of  a  base,  and  neutralises  acids, 
forming  beautifully  crystallised  salts ;  but  Horsford  has  shown 
that  it  also  combines  with  bases  and  neutral  bodies.  By  its 
composition,  it  is  closely  related  to  many  different  compoonds, 
and  probably  plays  an  important  part  in  the  animal  organism. 

Sarcanne.  Cs  NHr  O4.  This  base  is  formed,  along  with 
urea,  when  kreatine  is  boiled  with  baryta ;  but  the  urea  is 
resolved  into  carbonic  acid  and  ammonia. 

Cs  NsHii  Oe+2  BaO  +  2HO=:2  (BaO,COa)  +  2NH»  + 

Hydzated  Kreatine. 

CeKHY04 


Sareoeine. 

Sarcosine  forms  right  rhombic  prisms,  soluble  in  water, 
fusible,  and  volatile  at  a  heat  not  much  beyond  212^  It 
neutralises  acids,  and  has  all  the  characters  of  an  iJkaloid.  It 
is  isomeric  with  urethane,  or  carbamate  of  oxide  of  dhyU^  and 
with  hdamde  or  an^fdrom  lactate  of  ammonia, 

Kreatinine,  Cs  Ns  Hr  O9.  This  base  occurs  in  the  juice  of 
flesh,  and  in  urine  (Liebi^) ;  but  it  was  first  observed  as  a 
product  of  the  action  of  acids  on  kreatine.  When  kreatine  is 
Doiled  with  hydrochloric  acid,  4eqs.  of  water  are  given  off,  and 
the  new  base  is  found  combined  with  the  acid. 
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C«  NsHii 0«  +  HC1  =  4H0  +  (Cs  Nt  Hv  Oa  +  Ha) 

KNatine.  Hydiocblezste  of  Kreatfaie. 

Kreatinine  is  separated  from  the  hydrochlorate  by  means  of 
oxide  of  lead.  It  forms  prisms,  soluble  in  water  and  alcohoL 
It  combines  with  acids,  pelding  ciystallisable  salts,  and  it  has 
all  the  characters  of  a  powerful  organic  base. 

Kreatinine  is  important,  as  occaning  in  the  animal  organisoL 
Under  the  urine  and  the  juice  of  flesh  we  shall  return  to  it. 
The  substance  discovered  by  Pettenkofer  in  urine,  is,  according 
to  liebig,  a  mixture  of  kreatinine  with  kreatine. 

We  have  now  gone  through  the  artificial  as  well  as  the 
natural  alkaloids,  and  the  present  is  the  proper  place  to  say  a 
few  words  concerning  the  constitution  of  this  class  of  com- 
pounds. Of  the  constitution  of  the  vegetable  bases  nothing 
certain  is  known ;  but  the  modes  of  formation  of  the  artificial 
alkaloids  have  suggested  certain  views  as  possible  or  even 
probable. 

In  the  first  place,  it  may  be  considered  very  probable  that 
all  alkaloids  are  formed  by  substitution  from  other  substances, 
as,  for  example,  aniline  from  nitrobenzole,  and  toluidine  from 
nitrotoluole. 

In  the  next  place,  some  of  the  alkaloids  may  be  viewed  as 
ciompounds  of  amide,  as,  for  example,  aniline,  which  has  the 
composition  of  phenylamide, 

CiaHrN=zGiaH5  -h  NHa. 

The  other  artificial  bases  analogous  to  aniline  may  be  le- 
earded  in  the  same  way ;  lencoline  as  Ci  •  Ha  +NH*,  or  toloi* 
dine  as  Ci  4  Hr+N  H. ;  being  derived,  on  this  view,  by  sub- 
stitution of  amide  either  for  hydrogen  in  the  carbo-hydrogens 
Gis  Hs,  Gib  Hr.  and  Gi4  Ha,  or  for  nitrous  add  in  the 

comp<«mdaC..  {goJ'C..  {g-o^j,«dC..  {g'^J 

This  class  of  alkaloids,  which  contain  no  oxygen,  seem  to  have 
the  simplest  constitution. 

But,  thirdly,  there  is  among  the  artificial  alkaloids  a  sub- 
stance which  may  be  taken  as  the  type  of  a  somewhat  more 
complex  class,  in  whidi  ^e  hydrwen  of  the  fundamental 
compound  of  the  series  has  been  replaced  by  some  compound 
of  nitrogen  and  oxygen.    This  substance  is  nitianiline,  which 

is  Ci .  N.  Ha  04=Ct »  {  NO4 1  ^• 

Fresenius  suggests  that  many  of  the  natural  alkaloids,  con- 
taining 4  eq.  of  oxygen  and  2  of  nitrogen,  may  have  a  constitu- 
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lion  analogoos  to  tliat  of  nitraniline,  in  which  1  eq.  of  hydrogen 
18  replaced  by  1  eq.  of  mtrons  acid.    For  example,  stiychnine^ 

C44  Ns  Ht3  0«;  may  be  C44  jjjO    \  ^'     Q°"^®;  meni- 
speimine,  staphisaine,  and  delphme,  may  all  be  associated  with 
strychnine. 
Chelidonine,  C«o  Ns  Hso  0«,  may  be,  according  to  Frese* 

nios,  binitiichelidonine,  C^o  j  0  ^q    |  N.;  2  eq.  of  hydrogen 

being  replaced  by  2  eq.  of  hyponitrons  acid. 

Where  the  alkaloid  contains  2  eq.  of  oxygen  and  2  of  nitro^n, 
the  replacing  body  may  be  dentoxide  of  nitrogen.  Thas,  caffeme, 

C«  K«  Ht  Ob,  may  be  nitre-caffeine,  (^«  )  i«tq    (  N;  and  to 

this  class  would  belong  cinchonine  and  sinapoline.    Urea  may 

( H       ) 
be  added,  as  it  may  be  Ca  j  -^X    |  N. 

Another  class  may  contain  protoxide  of  nitrogen  as  replacing 
substance.    Thus,  harmaline,  Ca*  His  N»  0,  may  be  nitra- 

harmaline,  Ct^  i  ^q  >  N ;  and  theobromine,  C9  Hs  N«  Ob^ 

may  be  binitrartheobromine,  Cs  <  ^^q  I N. 

Lastl^r,  hydrogen  may  even  be  supposed  to  be  replaced  by 
nitric  acid ;  and,  on  this  supposition,  jervine,  CeoH^cNtOs, 

might  be  nitrujerrine,  C«o  j  ^q    i  N, 

The  bases  above  mentioned,  iJF  such  be  their  true  constitu* 
tion,  are  derived  firom  radicals  containing  no  oi^gen,as  aniline 
from  benzole,  &c.  But  there  are  others,  which  are  probably 
derived  from  radicals  containing  oxygen.  Such  bases  are 
morphine,  codeine,  narcotine,  and  others.  Of  these,  however, 
in  this  point  of  view  so  little  is  known,  that,  as  Fresenius 
observes,  it  is  safest,  for  the  present,  to  consider  them  as  simple 
alkaloids^  analogous  to  aniline,  nicotine,  or  sinnamine. 

The  views  of  Fresenius  have  a  high  degree  of  probability, 
and  will  probably  aid  in  enabling  us  to  discover  the  true  nature 
of  the  alkaloids.  He  points  out  that,  on  his  theory,  various 
facts  connected  with  the  alkaloids  are  easily  explained.  Thus, 
for  example,  it  is  easy  to  see  on  his  theory,  that  when  heated 
with  potash  ammonia  is  not  given  off ;  and  their  power  of  satu- 
ration cannot  be  proportional  to  their  amount  of  oxygen  or  of 
nitrogen,  as  it  is  well  known  not  to  be.  On  the  other  lumd,  it 
appears  to  be  proportional  to  the  amount  of  nitrogen  which  is 
not  in  the  form  of  an  oxygen  compound,  such  as  NO,  NO*, 
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NO » ,  NO 4,  or  NOs .  This  nitrogen  generally,  peifaaps  tlwnjSf 
amounts  to  1  eq.  in  1  eq.  of  the  rase,  as  may  M  seen  in 
Fresenins*  formmn.  The  simple  alkaloids,  sucn  as  aniline, 
contain  only  that  1  eq.  of  nitrogen,  just  as  ammonia  does. 

It  must  here  be  remarked  that  the  alkaloids  all  appear  to  be 
of  the  same  general  type  with  ammonia,  and  that,  like  ammo- 
nia, they  unite  directly  with  hydrogen  acids,  while,  to  combine 
wiUi  oxygen  acids,  they  take  np  1  ea.  of  water.  This  leads  to 
the  conclusion,  that  if,  in  the  case  of  ammonia,  there  is  fonned 
a  compound  analogous  to  metals,  ammonium,  which  unites 
with  salt  radicals,  while  its  oxide  combines  witb  oxygen  acids, 
the  same  is  probably  true  of  the  alkaloids.  Thus,  when  ammo- 
nia acts  on  hydrochloric  acid,  we  have  N  H  *  -f  H  Cl= NH  « -|-  CI, 
chloride  of  ammonium,  and  when  aniline  combines  with  the 
same  add,  we  may  suppose  the  change  to  be  analogous ;  Ci « 
Hr  N  +  H  Cls=C.  >  Hs  N+Cl,  chloride  of  anilium.  Again, 
sulphate  of  ammonia,  NHj,  HO,  SOs,  is  usually  considered  to 
be  sulphate  of  oxide  of  ammonium,  NH**,  0+^* ;  and  so,  in 
like  manner,  sulphate  of  aniline,  Ci  •  Hr  N,  HO,  S0«,  is  pro- 
bably sulphate  of  oxide  of  anilium,  Ci«  Ha  N,  0-hSO>.  If 
true  of  one,  this  is  probably  true  of  all. 

Such  is  the  present  state  of  our  knowledge  with  r^ard  to 
the  alkaloids ;  and,  although  it  is  still  very  imperfect,  yet  it  is 
evident  that  we  are  now  making  some  progress  in  this  depart- 
ment of  science,  and  may  hope  speedily  to  advance  mucb  farther. 

We  now  come  to  a  class  of  compounds,  very  widely  distri- 
buted in  the  vegetable  kingdom,  but  not  exhibiting  the  same 
varieties  as  the  class  hitherto  described,  and  not  diaracteriaed 
by  the  same  marked  properties.  This  is  the  class  of  nentaral 
or  indifferent  non-asotiseii  bodies,  ^diidi  are  never  pcosonons, 
hardly  even  possessed  of  medicinal  properties,  and  exhibit  no 
striking  chemical  characters.  It  includes  starch,  gum,  or 
mucilage,  pectine  or  vegetable  jeUy,  and  woody  fibre  or  liflune, 
with  their  derivatives.    We  can  only  describe  them  briefly. 

INOIFFBKXNT  NON-AZOTISED  COMPOUNDS. 
1.  Stwch.  CiaHioOio. 
This  very  important  compound  is  universally  diffused  in  the 
vegetable  Kingdom.  It  occurs  in  seeds,  as  in  those  of  ^eat  and 
other  cerealia,  and  also  in  the  leguminosie ;  in  roots,  as  in  the 
tubers  of  the  potato ;  in  the  stem  or  pith  of  many  plants,  as  in 
Saffus  Rumphii ;  in  some  barks,  as  that  of  cinnamon  ;  and  in 
pulpy  fruits,  sudi  as  the  apple.  Finally,  it  is  contained  in  the 
expressed  juice  of  most  vegetables,  such  as  the  cazrot,  in  »  state 
of  Buspensiony  being  deposited  on  standing. 
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It  18  chiefly  extracted  from  wheat  flour  (common  stareh) ;  from 
potatoes  (poUOo  Oareh) ;  from  the  root  of  Jatropha  mtmikot, 
Itapioea) ;  from  that  of  MaranUi  arundmacea  (arrow  roo$) ; 
from  the  stem  and  pith  of  Sagus  farimfera  Bumpkii  (sago) ; 
the  sabstances  known  by  these  different  names  being  all  essen- 
tially the  same. 

yfhmi  floor  is  kneaded  with  water  in  a  cloth,  the  water 
carries  off  the  starch  in  suspension,  and  deposits  it  on  standing, 
leaving  behind  the  fflnten.  By  a  similar  process  starch  is 
purified  from  the  ceUnlar  substance  and  other  matters  mixed 
with  it  in  potatoes,  which  are  rasped,  and  then  treated  with 
water  as  above.  Sago,  being  finaUy  dried  at  a  somewhat  high 
temperature,  acquires  a  homy  and  translucent  i^pearance. 

P'ure  starch  is  a  snow-white  powder,  of  a  glistening  aspect, 
which  makes  a  crackling  noise  when  pressed  with  the  finger. 
It  is  composed  of  transparent  rounded  grains,  the  size  of  which 
varies  in  different  plants.  Those  of  the  potato  are  the  largest, 
those  of  the  leguminoBss,  as  peas,  are  very  small,  and  those  of 
wbeat  and  rice  are  the  smallest.  Starch  is  insoluble  in  cold 
water,  alcohol,  and  ether ;  but  when  heated  with  water  it  first 
becomes  viscid,  and  is  then  converted  into  a  kind  of  solution, 
which,  however,  is  not  complete,  but  is  rather  formed  by  the 
swelling  of  the  grains  of  starch  into  a  mucilaginous  mass.  On 
cooing,  the  whole  forms  a  stiff,  semi-<^[>aque  jeUy.  If  dried 
up,  this  3delds  a  truisluoent  mass,  which  softens  and  swells  into 
a  jelly  with  water,  like  tragacanth.  The  solution,  or  mixture 
of  starch  and  water,  has  the  remarkable  property  of  striking  a 
deep  blue  colour  with  free  iodine.  This  appears  to  be  owmg 
not  so  much  to  a  chemical  or  definite  combination,  as  to  the 
mechanical  division  of  the  iodine ;  there  is  even  reason  to  think 
that  the  blue  colour  is  that  of  iodine  finely  divided,  adhering 
to  the  starch  as  a  dye  does  to  the  fibres  of  cloth. 

When  starch  is  warmed  with  water,  to  which  has  been  added 
either  some  infusion  of  malt  or  some  diluted  acid,  the  viscidity 
of  the  mixture  disappears,  and  the  fluid  solution  is  no  longer 
coloured  blue  by  iodme.  As  soon  as  this  is  the  case,  the  whole 
of  the  starch  has  disappeared,  and  has  been  converted  into  a 
soluble  ^um  called  deeiriney  from  its  power  of  causing  the  plane 
of  polansation  to  deviate  to  the  right  According  to  the  pro- 
portion of  malt  or  of  acid,  and  the  temperature  employed,  the 
change  is  more  or  less  rapid ;  and  when  the  action  is  continued 
the  dextrine  is  in  its  turn  converted  into  ghteoH,  or  grape- 
wmxj  which  from  this  circumstance  is  also  called  starch-sugar. 

In  contact  with  oil  of  vitriol,  starch  appears  to  form  a  com- 
pound or  coupled  acid,  ndphoamidio  acuC   Strong  nitric  acid, 
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nibbed  up  with  potato  starch,  dissolves  it,  forming  a  -viscid 
liquid,  from  whicn  water  jj^ecipitates  a  white  explosive  com- 
pound, called  Ofyloidine,  This  compound  has  some  of  the  pro- 
perties of  gumtragacanth,  but  it  contains  the  elements  of  nitric 
acid,  and  has  not  yet  been  fully  investigated.  According  to 
Pelouze,  its  formula  is  Co  H4  O4  -f  NO* ;  according  to  Bulot 
it  is  Ct  s  Hi  s  NOi  0 ;  but  more  recent  researches  tend  to  show 

that  the  formula  of  xyloidine  is  d t  jo ixQ    ( Oi o ;  that  is 

starch,  in  whieh  2  eqs.  of  hydrogen  are  replaced  by  2  eqs.  of 
nitrous  add.  When  starch  is  distilled  with  moderately-strong 
sulphuric  acid,  it  yields  carbonic  acid,  formic  acid,  and  a  pan* 
gent  volatile  oil,  hitherto  very  little  examined. 

The  blue  compound  of  iodine  and  starch  is  best  prepared  by 
adding  to  the  li(j[uid  filtered  from  the  viscid  paste  obtained  by 
boiling  starch  with  water,  first  iodide  of  potassinm,  and  then 
solution  of  chlorine,  as  long  as  it  causes  a  blue  precipitate, 
which  is  to  be  washed  till  the  water  passes  deep  bine,  and 
dried  in  vacuo.  Its  colour  is  so  intense  as  to  be  nearly  black. 
It  does  not  appear  to  be  a  compound  in  definite  propottiona. 
The  best  method  of  using  starch  as  a  test  for  iodine  in  mineial 
waters,  &c.,  is  to  add  to  the  water  some  starch-paste,  and  Uicai 
a  little  nitric  acid  or  chlorine.  The  latter  is  best  added  in  the 
form  of  gas,  its  weight  allowing  it  to  be  poured  like  water ; 
while  in  this  way  we  are  less  Ukely  to  add  an  excess  which 
would  destroy  the  blue  colour.  Or  we  may  place  in  the  bottom 
of  a  phial  the  liquid  to  be  tested,  adding  a  little  oil  of  -vitriol, 
and  suspending  from  the  stopper  a  slip  of  paper  moistened  with 
starch  paste.  After  a  time,  if  iodine  oe  present  the  paper  wUl 
.  exhibit  a  tinge  of  blue.  By  these  tests  .^^j^^pfth  part  of  iodine 
in  a  liquid  may  be  detected. 

Wim  bromme,  starch  forms  an  orange-yellow  precipitate, 
which  cannot  be  dried  without  decomposition. 

Dextrine  is  best  obtained  by  heating  to  about  120^  a  mixture 
of  20  jparts  of  starch  paste  and  1  part  of  strong  infusion  of  malt, 
until  iodine  no  longer  colours  the  mixture  blue.  The  addition 
of  strong  alcohol  now  precipitates  the  dextrine  as  a  thick  syrup, 
while  any  sugar  remains  dissolved.  When  dried,  d^tiine 
much  resembles  gum,  from  which,  however,  it  differs  in  the 
extreme  facilit;^  with  which  it  is  converted  into  sugar  when 
warmed  with  <mute  sulohuric  acid  or  infusion  of  malt,  and  by 
not  yielding  mucic  acid  when  acted  on  by  nitric  add.  The 
composition  of  dextrine  is  the  same  as  that  of  starch.  In  &ct, 
dextrine  is  supposed  by  some  to  be  the  substance  which  is  con- 
tained in  the  grains  of  starch,  indosed  in  an  insoluble  mem* 
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brane,  which  is  bnrst  in  the  process  of  convenion  of  starch  into 
dextrme,  or  solution  of  starch,  by  means  of  acids  and  infiision 
of  malt.  The  substance  present  in  the  malt  which  has  the 
property  of  effecting  this  change,  is  called  diastaae.  It  contains 
nitrogen. 

According  to  other  observers,  the  grains  of  starch  are  com- 
posed of  concentric  layers  of  one  and  the  same  substance 
(dextrine  ? ),  the  outer  layer  being  insoluble  in  water.  As  starch 
is  found  to  contain  a  small  proportion  of  a  matter  analogous  to 
wax  or  to  caoutchouc,  we  may  suppose  that  the  presence  of  this 
matter  in  the  outer  layer  is  uxe  cause  of  its  insolubility,  or  that 
the  whole  mass  of  the  grains  is,  by  its  means,  rendered  inso- 
luble, and  endowed  with  the  property  of  swelling  up  with  water 
to  a  paste  or  jelly.  Dextrine  will  then  be  the  purified,  and 
consequently  soluble,  matter  of  starch.  If  the  outer  coat  be 
different  from  the  contents  of  the  grains,  it  has  still  the  same 
composition  ;  for  analysis  shows  no  difference  between  starch, 
dextrine,  and  the  insoluble  matter  left  on  the  filter  when  starch 
is  boiled  with  diluted  acids. 

Leiocome.  This  name  is  given  to  a  substance  having  the 
properties  of  gum,  which  is  prepared  by  simply  roasting  or  tor- 
refying starch  at  about  300°.  It  is,  in  fact,  capable  of  being 
used  instead  of  gum  in  calico-printing,  and  is  made  on  the 
large  scale.  It  has  a  yellowish-brown  colour.  It  is  probably 
dextrine,  more  or  less  pure,  flenerally  containing  some  unde- 
composed  starch.  When  well  made  it  dissolves  in  cold  water 
like  gum. 

Inuline.  C«4H,g0i8?  Cit  H.^O.^?  C94H.1  Oti?  This 
is  a  substance  analogous  to  starch  in  the  roots  and  tubers  of 
Inula  helenium,  Daima  wvriahUxs^  HeUanthtu  ttiberonu,  and 
many  other  synantherous  phmts,  which  do  not  yield  ordinary 
starch. 

It  is  extracted  from  the  roots  by  boiling  water,  and  is  depo- 
sited by  the  concentrated  decoction  as  a  brittle  white  mass, 
formed  of  crystalline  grains,  or  as  a  fine  powder.  It  is  taste- 
less, insoluble  in  cold,  very  soluble  in  hot  water.  Diluted  sul- 
phuric acid,  with  the  aid  of  heat,  rapidly  converts  it  into  grape- 
sugar,  from  which,  like  starch,  it  differs  only  by  a  certain 
amount  of  the  elements  of  water.  This  may  be  seen  bytibe 
above  formulas,  which  represent  inuline  from  different  plants, 
as  it  exists  in  its  compounds  with  oxide  of  lead.  It  would 
appear  to  differ  in  different  vegetables,  but  always  retaining  the 
cnaracter  of  this  class  of  bodies,  namely,  ihe  presence  of  hydro- 
gen and  oxyeen  in  the  proportions  to  form  water.  Iodine 
colours  it  sli^tly  brown. 

0  o 
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Liehenine.  d  t  Hie  Oi  o.  This  is  a  yariety  of  starch fiyand 
in  LMien  islandieus,  oriceland  moss.  It  fonns,  when  pure,  s 
nearly  colonrless,  tasteless  mass,  which  swells  np  into  a  tiani- 
parent  jeUv  with  cold  water,  and  dissolves  entirely  in  hot 
water.  When  its  solution  is  boiled,  it  forms  pellicles,  like 
milk,  which  adhere  to  the  vesseL  Its  solution  is  not  coloored 
by  iodine,  but  the  jelly  is  rendered  blue  by  that  test.  Bjr 
diluted  and  boiling  sulphuric  add  it  is  converted  into  sugar ; 
by  nitric  acid  into  oxalic  and  saccharic  acids.  It  has  the  com- 
position of  starch. 

Sdponine  is  the  name  given  to  a  variety  of  starch  obtained 
from  the  root  of  sapanaria  offleinalis.  Its  properties  are  little 
known. 

2.  Gam. 

This  name  was  formerly  given  to  almost  all  exudations  from 
plants.  It  is  now  limited  to  certain  rather  abundant  substances, 
which  are  solid,  uncrystallisable,  transparent,  or  translucent, 
colourless,  or  nearly  so,  tasteless,  inodorous,  soluble  in  water, 
or  at  least  softening  in  it,  and  insoluble  in  alcohol,  ether,  £&t, 
and  volatile  oils.  They  yield  mucic  add  when  acted  on  by 
nitric  add.  They  may  l>e  divided  into  gums  whidi  dissolve 
in  cold  water  (arabine,  mucilage),  and  gums  which  only  swell 
up  to  a  jelly  (tnigacanth  or  bassorine,  cerasine,  pectine). 
Arabine  and  cerasine  contain  oxygen  and  hydrogen  in  the  pro- 
portion to  form  water:  the  other  gums  are  nearly  analagous  in 
composition. 

Arai^ine,  or  gum  arabic,  is  found. as  an  exudation  from 
several  species  of  acacia.  What  is  called  gum  Senegal  is 
essentially  the  same.  It  is  nearly  colourless,  transparent^  hard, 
and  brittle,  and  has  a  mild  taste.  It  is  veiv  soluble  in  cold 
water,  and  forms  a  visdd  mucilage,  from  which  alcohol  predpi- 
tates  the  gum.  The  diluted  solution  is  predpitated  by  silicate 
of  potash,  subacetate  of  ^  lead  and  protonitrate  of  mercniy. 
When  a  mixture  of  gum,  water,  and  sulphuric  add  is  kept  for 
some  time  at  a  temperature  near  boiling,  it  is  converted  into 

Sape  sugar.  The  composition  of  gum  is  Ci  t  Hi  i  Oi  i ,  that  is, 
e  same  as  that  of  cane  sugar,  which  accounts  for  the  trans- 
formation. A  rabine  yields  2  or  3  per  cent,  of  ashes,  containing  a 
good  deal  of  lime. 

Mucilage  is  the  name  given  to  a  substance  resembling  eum, 
found  in  many  vegetables,  such  as  linseed^  aUhmOf  and  otherB. 
It  differs  from  arabine  in  being  less  hard  when  dry,  and  les 
transparent.  It  would  appear,  however,  that  the  mucilage  of 
althna-root  is  essentially  starch  inclosed  in  cells  formed  of 
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woody  fibre  or  cellnloBe.  The  different  mucilages  are  resolved 
into  grape  sugar  by  being  heated  with  dilate  sulphuric  acid,  and 
therefore  may  be  considered  as  containing,  like  starch  and  ara- 
bine,  water  pins  caibon.  Since  all  these  mucilages  contain 
much  mineral  matter,  tiie  macilage  of  linseed,  for  example, 
leaving  11  per  cent,  of  ashes  rich  m  lime,  it  is  probable  Uiat 
tiieir  peculiar  qualities  depend  on  the  presence  of  phosphate  of 
lime  or  other  salts  of  lime,  disguising  either  starch  or  arabine. 

Bauorine  is  the  name  given  to  a  substance  which  fonns  the 
chief  part  of  gum  tragacanth  and  of  gum  bassara,  and  also, 
according  to  some,  of  Mlep,  a  mucilaginous  substance,  obtained 
from  the  bulbs  of  Orchis  mascuia.  According  to  Schmidt, 
however,  salep  is  really  formed  of  swelled  up  grains  of  starch. 

Pure  bassonne  resembles  arabine  in  appearance,  but  is  less 
transparent,  and  instead  of  dissolving  in  cold  water,  only  swedls 
up  to  a  veiy  ffreat  extent,  forming  a  viscid  mass.    Its  com- 

SNsition  is  souuogous  to  that  of  arabine,  and  by  digestion  with 
luted  sulphuric  acid,  it  is  transformed,  like  salep,  into  grape 
sugar  and  cellulose.  Cerasine  is  the  name  given  to  that  jwrt  of 
the  gum  of  the  cheny,  plum,  or  almond  trees,  which  is  insoluble 
in  cold  water.  It  is  probably  identical  with  bassorine,  or  witii 
nlep. 

During  what  is  called  the  viscous  fermentation,  which  takes 
place  in  certain  sweet  vegetable  juices,  as  that  of  beet-root, 
there  is  formed,  along  with  lactic  acid  and  mannite,  a  muci- 
laffinous  compound,  which  causes  the  viscidity.  When  dried, 
it  has  nearly  the  characters  and  composition  of  arabine. 

PecHne  is  the  substance  which  causes  the  juice  of  some  pulpy 
fruits,  as  apples  and  pears,  to  coagulate  or  gelatinise  when  mixed 
with  alcohol,  by  which  the  pectine  is  precipitated.  When  dried, 
it  resembles  gum  or  isinglass,  and  forms  a  jelly  with  water.  Bv 
the  action  of  nitric  acid  it  yields  oxalic  and  mucic  acids.  It 
generally  yields  about  8  per  cent,  of  ashes,  containing  much 
phoq>lu^  of  lime.  In  contact  with  alkalies,  it  is  transformed 
into  pectic  acid.  PecUe  add  is  easily  obtained  from  many 
TMetables,  as,  for  example,  rasped  carrots,  by  washing  them 
weil  with  distilled  water,  and  then  boiling  50  parts  of  tiie 
squeezed  residue  with  300  of  water  and  1  of  potash.  The 
pectate  of  potash  is  deposited  as  a  jelly  in  the  filtered  liquid 
on  cooling.  Either  this  salt  or  the  pectate  of  lime  may  be 
decomposed  by  diluted  hydrochloric  acid,  which  leaves  the 
pectic  acid  as  a  jellv,  which  dries  up  into  transparent  laminse, 
insoluble  in  water  but  very  soluble  in  alkalies.  From  these 
aolutions  acids  precipitate  it  as  a  jelly.  In  this  form  it  is 
atightly  soluble  in  boiling  water,  but  the  solution  gelatinises 
oo2 
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on  the  addition  of  acids,  salts,  alcohol,  or  sugar.  It  is  supposed 
not  to  exist  ready  formed  in  the  plants,  but  to  be  produced  by 
the  action  of  alkalies  on  pectine. 

The  alkaline  pectates,  when  diy,  form  gummy  solids,  soluble 
in  -water.  Alconol  causes  the  solution  to  gelatinise,  axid  even 
an  excess  of  potash  or  soda  has  the  same  effect.  The  earthy 
and  metallic  pectates  are  gelatinous  and  insoluble.  When  dried, 
pectine,  pectic  acid,  and  all  the  pectates,  assume  a  cellular 
structure,  so  to  speak. 

The  jelly  formed  in  currant  juice  as  well  as  other  juices  by 
the  addition  of  sugar,  is  pectine  or  pectic  acid.  The  boiling  of 
such  juices  probably  promotes  the  formation  of  jelly ;  for  it  has 
been  shown  that  when  the  insoluble  part  of  unripe  currants, 
after  being  washed,  is  boiled  with  water  acidulated  with  a 
vegetable  acid,  a  considerable  quantity  of  pectine  is  fonned, 
probably  by  a  transformation  of  the  cellular  tissue. 

The  composition  of  pectic  acid  is  not  fiiUy  ascertained.  Ac- 
cording to  Resnault  it  is  Ci  v  Hs  Oi  i,  or  Ci  t  Hr  Oi «,  HO. 
Accormng  to  Mulder,  it  is  C  i »  H  •  0 1  o .  But  the  researches  of 
Chodnew  have  led  him  to  adopt  the  formula  C*«Hi«0*4, 
2  HO  s=  G« ■  Hso  Of «.  In  all  the  formulae  there  is  an  excess 
of  oxygen  over  hydrogen. 

The  whole  subject  of  the  mucilaginous  compounds,  including 
pectine  and  pectic  acid,  is  still  very  obscure  and  requires 
renewed  investigations. 

Apiine  is  a  substance  analogous  to  pectine,  found  in  paisley, 
Apium  praveolens,  Gfyfytrhutine  is  the  name  given  to  a  sub- 
stance resembling  both  sugar  and  gam,  which  is  the  chief 
ingredient  in  liquorice,  the  juice  of  the  root  of  Gfyq^rrhisa 
glaJbra,  It  is  soluble  in  hot  water,  and  gelatinises  on  cooling. 
Its  taste  is  sweet  and  also  acrid ;  but  it  does  not,  like  sugar, 
undergo  the  vinous  fermentation.    Its  formula  is  said  to  be 

Ci  a  Hi  a  Oa. 

SareoeoUine  is  a  gummy  matter  found  in  the  sarcocoUa  of 
commerce,  which  is  the  dned  juice  of  Pencea  mueronaia.  It  is 
soluble  in  alcohol  and  water,  and  has  a  taste  both  sweet  and 
bitter.    Formula  C> >  Hi  •  Oi o  ?  or  C40  Hs  t  Oi  4  ? 

3.  Woody  Fibre. 
The  skeleton  of  plant%  after  everything  soluble  in  water, 
alcohol,  ether,  diluted  acids,  and  diluted  alkalies  has  been 
removed,  is  called  woody  fibre.  It  varies  in  aspect  and  in 
composition  as  obtained  from  different  plants.  That  of  box  or 
willow,  when  dried,  is  Ci «  H9  O9 ;  that  of  oak  is  C* «  Ht  t  O*  t ; 
and  that  of  beech  is  intermediate  between  these  two.    All 
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yarietie8y  however,  may  be  represented  as  composed  of  carbon 
plus  water. 

Recent  researches  have  shown  that  wood  is  composed  of 
two  parts :  1.  eeUuhiey  which  forms  the  parietes  of  me  vege- 
table ceUs;  and  2.  Ugnin9y  which  fills  those  cells,  or  forms  an 
incrostation  on  their  walls.  The  latter  dissolves  in  strong  nitric 
acid,  the  former  is  left  nnctissolved.  Again,  oil  of  vitnol  dis- 
solves cellulose  withont  blackening,  and  it  appears  to  convert 
it  into  dextrine,  with  which  it  agrees  in  composition ;  while 
Ugnine  separated  from  cellnlose  is  said  to  contain  C*  s  H 1 4  0«  o . 

Linen,  cotton,  and  paper  are  woodv  fibre,  more  or  less  pure. 
All  these  snbstances,  and  others  of  similar  nature,  but  less 
pure,  such  as  tow  and  sawdust,  yield,  when  acted  on  by  nitric 
acid,  explosive  compounds,  analogous  to  that  obtained  from 
starch,  already  described  under  the  name  of  xyloidine. 

Gun  cotton  is  best  made  by  immersing  for  two  minutes 
1  part  of  clean  dry  cotton  wool  in  about  10  parts  of  an  add 
composed  of  equal  volumes  of  oil  of  vitriol,  8p.  G.  1'840,  and 
nitric  acid,  Sp.  G.  1*510.  It  is  then  gently  pressed,  to  expel 
as  much  as  possible  of  the  acid,  rapidly  wasned  with  water, 
tiU  the  water  runs  off  tasteless,  and  dned  by  a  gentle  water 
heat.  100  parts  of  diy  cotton  are  found,  when  thus  treated, 
although  little  changed  in  appearance,  to  have  increased  in 
weight  to  169*5  parts.  Of  this  wei^t  102*5  narts  are  nitric 
acid,  and  67,  or  two-thirds,  of  the  original  weight,  are  derived 
from  the  cotton,  and  represent  what  may  be  called  anhydrous 
cotton,  the  remaining  one-third,  or  33  parts,  having  been  lost 
in  the  shape  of  water,  which  has  combined  with  the  acid. 

According  to  Porret  and  Teschemacher,  anhydrous  cotton  is 
Ci  fl  Hs  Ob,  and  gun  cotton  is  Ci  t  H«  0«  +  4  NOf ,  which 
corresponds  to  the  above  proportions.  But  the  gun  cotton  may 
also  be  Ci  H.Oit -h4  NO4,  or  Ci.  H.  0>« +  4  NOj; 
while  xyloidine,  whether  from  starch  or  from  woody  fibre,  is 
Ci.HbO«  +  2N05,C>.H«Oio  +2N0«,  or  Ci«HtOi. 
+  2  NOj .  This  explains  the  superior  explosive  force  of  gun 
cotton,  the  combustion  of  which  must  be  much  more  complete. 
In  &ct,  when  exploded,  it  leaves  no  visible  residue. 

It  is  not  probable  that  gun  cotton  will  supersede  gunpowder 
for  fire  arms,  as  it  is  expensive,  and  its  preparation  is  somewhat 
uncertain.  But  when  well  made,  it  explodes  so  rapidly  that  it 
wiU  probably  be  found  advantageous  in  the  blasUi^  of  rocks. 

By  the  continued  action  of  adds  or  of  hot  alkidieB,  woody 
fibre  yields  a  substance  which  is  coloured  blue  by  iodine.  Linen, 
cotton,  or  paper,  all  of  them  different  forms  of  woody  fibre,  when 
moistened  with  pretty  strong  sulphuric  acid,  are  converted 
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sppuentlr  fint  into  dextrme,  and  afterwards  into  grape 
sagar.  When  heated  with  a  more  dilated  acid,  linen  yields  an 
amylaoeons  pnlp  hardly  solnhle  in  water,  the  composition  of 
which  is  Cifl  HtoOio. 

When  exposed  to  air  and  moisture,  wood  xmdeirfpeB  erama- 
cansis,  being  slowly  converted  into  a  friable  mass,  which  contains 
a  larger  proportion  of  carlxm  than  the  original  wood.  It  would 
appear  tnat  the  oxygen  of  the  atmosphere  combines  with  the 
hydrogen,  and  that  carbon  and  oxygen  are  given  oif  from  the 
residue  as  carbonic  acid,  COt.  As  Uie  residue  is  found  still  to 
consist  of  carbon  and  water,  it  is  evident  that  for  eveiy  equi- 
valent of  carbon  removed,  tnere  are  senaisted  S  eq.  of  oxygen 
and  hydrogen,  so  that  the  proportion  of  carbon  to  water  in  the 
residue  is  constantly  increasing.  Woody  fibre  €»•  H«9  0»« 
will  thus  yield  first  a  residue  of  C»t  Hto  Oto  ;  then  Cm*  Hi  • 
Oi  t,  Caa  Hi «  Oi  0,  and  so  on.  When  air  is  left  in  contact 
with  moist  wood,  its  oxygen  is  removed  and  replaced  by  an 
equal  volume  of  carbonic  acid.  This  is  one  chief  source  of  the 
iniialubrity  of  marshy  districts ;  and  the  effect  is  seen  stall  more 
strikingly  in  the  case  of  houses  which  have  been  submeiged  in 
an  inundation,  which  are  veiy  unwholesome  as  long  as  the 
wood  is  moist. 

The  tendency  of  wood  to  decay  is  checked  or  destroyed  by 
acids  and  many  salts,  especially  corrosive  sublimate.  Out  of 
contact  of  air,  moist  wood  putrefies,  yielding  a  white  friable 
residue,  containing  less  carbon  than  the  wood.  One  specimen 
yielded  Caa  Hi 7  0»o,  while  the  corresponding  product  of 
eremacausis  above  mentioned  is  CasH^oOto,  ana  the  wood 

Ga«  Hf  t  Off. 

The  composition  of  brown  coal  is  analogous  to  that  of  wood 
partially  decayed,  but  subjected  to  changes  of  the  nature  of 
putrefaction,  as  well  as  to  eremacausis.  Two  specimens  of 
brown  coal  yielded  Ca a  H*  1  Oi «  and  Ca *  H 1  s  0». 

All  the  above  products  of  decomposition  of  wood  may  be 
derived  from  oak  wood,  Caa  HttOtt,  by  the  fixation  of  oxygen, 
and  the  separation  of  water  and  carbonic  acid. 

When  the  substance  called  mould,  which  contains  the  debris 
of  decayed  vegetable  matter,  is  boiled  with  alkalies,  the  filtered 
solution  deposits,  on  the  addition  of  acids,  a  brown  precipitate, 
which  has  been  called  ulmine,  humus,  humine,  geine,  ulmic  acid, 
humic  acid,  and  geic  acid.  It  is  genendly  admitted  that  this 
precipitate  is  a  product  of  the  action  of  the  alkali  on  the  decayel 
vegetable  matter,  and  the  name  of  humus,  humine,  or  geine  is 

S'ven  to  the  substance  which  is  believed  to  yield  the  humic  add. 
at  this  humus  has  not  been  isolated,  and  is  not  known. 


■m 
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Mulder  examined  the  urecipitates  obtained  from  a  variety  of 
different  eonrcee,  decayed  wood,  turf,  peat,  mould,  Sec.  With 
one  exception,  he  found  all  to  contain  nitrogen,  varying  from 
2*5  to  7  per  cent  It  ia  evident  that  these  substances  are 
vegetable  matter  in  difierent  stages  of  decay.  Mulder  considers 
these  precipitates  as  componnds  of  water,  or  water  and  ammonia, 
with  three  different  acids :  1.  acid  of  mould  C40  Hi  >  Oi  4  : 
8.humieacid,  C«oH>tOit :  3.  ulmicacid,  C40  Hi4  0i«. 

When  sugar  is  boiled  with  diluted  acicb,  it  vields  brown 
snbstanoes  analogous  to,  if  not  identical  with,  these  acids  of 
Mulder. 

It  is  important  to  observe  the  general  nresence  of  ammonia  in 
inould,  &c.  This  ammonia  has  no  doubt  been  absorbed  from  the 
air  in  great  part ;  and  this  will  explain  the  favourable  influence 
which  these  substances  exert  on  vegetation.  They  act  also  in 
furnishing,  by  their  slow  decay,  a  continual  supply  of  carbonic 
add. 

G^muc  acid  and  Apoermie  acid  are  two  brown  extractive 
matters,  analogous  to  the  precedinff ,  and  derived  from  decaying 
vegetable  matter,  which  are  found  in  certain  mineral  wateis. 
They  both  appear  to  contain  nitrogen. 

PRODUCTS  OF  THE  DISTILLATION  OF  WOOD. 

When  wood  is  heated  in  close  vessels,  it  gives  rise  to  an  im- 
mense variety  of  products,  according  to  the  kind  of  wood  and 
to  the  presence  or  absence  of  resinous  or  oily  matters.  In  all 
cues  there  are  formed  gaseous,  liquid,  and  solid  products, 
with  a  residue  of  charcoal. 

The  gases  are  carbonic  acid,  carbonic  oxide,  defiant  gas  and 
marsh  aas.  The  liquids  are  partly  soluble  in  water,  j^artly 
insoluble.  The  ktter  constitute  the  tar,  and  are  of  a  semifluid 
consistence. 

The  substances  soluble  in  water  are,  besides  water  itself, 
acetic  acid,  acetone,  pyroxylic  spirit  (hydrate  of  oxide  of  me- 
thyle),  acetate  of  oxide  of  metbvle,  lignone,  xylite  and  mesite. 

The  oily  substances,  insoluble  in  water,  are  very  numerous, 
including  creosote,  picamar,  eupion,  capnomor,  &c.  Along  with 
these  are  the  compounds  which  at  the  ordinary  temi>erature 
are  solid,  such  as  pan^Bine,  naphthaline,  cednret,  pittacall, 
pyrtfne,  chrys^ne,  and  pvroxanthine.  The  last  mentioned, 
oeing  very  vohitile,  chiefly  accompanies  the  acetic  or  pyro- 
ligneous  acid. 

1.  YoktUe  products,  aolnble  in  water. 

Acetie  Acid.  This  is  one  of  the  chief  products  of  the  distil- 
lation of  woods.    Its  mode  of  purification  and  its  properties 
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hftye  been  already  described.  As  prepared  from  this  souce.  it 
is  often  called  pyxoligneons  acid.  The  cnide  or  impme  acid  is 
highly  antiseptic  ;  not  only  because  vin^ar,  like  most  acidsy  is 
so,  but  also  becanse  it  contains  mudi  creosote  dissolved. 
Hence  it  not  only  preserves  meat,  bat  gives  to  it  a  powerfol 
and  agreeable  smoked  flavour. 

P^roxMn  tS^rU.  This  name  is  given  to  the  spiritaons 
liquid,  cQstilled  from  the  crude  pyroligneous  add  before  the 
latter  is  nurified.  It  is  a  mixed  fluid,  the  chief  component 
being  hydrated  oxide  of  methyle,  which  is  accompanied  by 
acetate  of  oxide  of  methyle,  unless  it  has  been  rectified  witn 
quicklime,  which  decomposes  the  latter.  Lianone  is  the  name 
^ven  to  a  volatile  li<]uid,  somewhat  resembling  alcohol,  ob- 
served in  pyroxylic  spirit  by  Ghnelin  and  liebig.  Its  fonnula 
is  not  ascertained,  since  it  does  not,  as  far  as  we  know,  form 
definite  compounds,  from  which  its  equivalent  might  be 
deduced.  Xylite  is  another  similar  volatile  liquid,  which, 
according  to  Schweitzer,  is  Ci  t  Hi  1 0«  =  2  (C*  Hs  O)  +  (C« 
H«,  Os)  as  2  Mt  0  -h  Ae>  0«  ;  that  is  a  compound  of  2  eq. 
oxide  ot  methyle  and  1  ea.  of  a  sesquiaoetylic  acid.  When 
acted  on  bv  potash,  it  yields  a  crystalline  salt  Ci«  Ht>  Or, 
KO,  while  nydrated  oxide  of  methyle  separates.  An  excess  of 
potash  causes  the  formation  of  three  proaucts :  si^UUc  naMha^ 
Ui »  Hi  *  Oj  ;  s^liHe  oily  Ci  •  H9  O  ;  and  xyUHe  rerin,  &•  He 
0.  When  distilled  with  sulphuric  acid,  xylite,  if  moist, 
yields  a  new  compound,  mesitene,  a  volatile  liquid,  Cc  H«  O*. 
if  anhydrous,  it  yields,  besides,  another  compound,  mstkoi^  a 
less  volatile  li(juid,  which  appears  to  be  a  carixHhydrogen, 
C4  Hj  ;  isomenc  with  acetyle,  if  it  be  not  that  radical. 
MesUe  is  another  volatile  ethereal  liquid  found  in  pyroxylic 
spirit,  which,  according  to  Schweitzer,  is  €•  H*  Ot ;  isomeric 
with  acetone.  He  considers  it  as  composed  of  oxide  of  methyle 
and  oxide  of  acetyle,  Ca  Ha  0  +  C«  Hs  0  =  MtO  +  AcO. 
The  liquid  caUed  mesite  by  Reichenbach  would  appear  to  be 
acetate  of  oxide  of  methyle,  Mt  0  -I- Ac  Oa,  mixed  with  a  more 
hi^y  carbonised  body,  apparentljr  composed  of  Gt •  H»  s  0 1  s . 
Tus  latter  is  resolved  by  the  action  of  lime  into  3  eq.  acetic 
acid  (Ci  *  H»  0»),  and  a  volatile  liquid,  Ci «  Hi «  0*.  Along 
with  the  above,  another  liquid  appears  to  occur  in  the  mesite 
of  Reichenbach.  the  composition  of  which  is  C»i  Haj  Oie. 
In  addition  to  all  the  liquids  above  mentioned,  as  occurring  in 
pyroxylic  spirit,  acetone  is  frequently  found. 

The  very  mat  similarity  in  properties  of  so  many  sub- 
stances, namely,  hydrated  oxide  of  methyle,  acetate  of  oxide 
of  methyle,  lignone,  xylite,  mesite,  and  acetone,  is  worthy  of 
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notice.  Most  of  these  Hquds  have  nearly  the  same  density 
and  boiling  point ;  they  are  all  inflammable,  and  their  soln- 
bOity  in  water  is  nearly  eqnaL  Hence  they  all  occur  mixed, 
and  are  with  ^reat  difficulty  separated,  so  as  to  obtain  each  in 
a  state  of  punty  ;  indeed  in  most  of  tnem  we  cannot  be  sure 
that  this  has  yet  been  accomplished.  It  is  highly  probable, 
that,  like  the  two  first,  all  the  rest  will  be  found  to  be  com- 
pounds of  methyle.  Our  knowledge  on  the  subject  is  still 
Tery  liiidted. 

The  purified  pyror^lic  spirit,  or  hydrated  oxide  of  methyle, 
has  been  alreaay  fully  deschbed,  along  with  its  chief  denva- 
tives. 

2.  Yoltftile  Oilj  Products,  insoluble  or  sparingly  soluble  in  Water. 

o.  CreoKie  (from  «cpfas,  flesh,  and  trw^tf,  I  preserve).  This  is 
one  of  the  most  important  products  of  tiie  distillation  of  wood. 
It  is  found,  partly  dissolv^,  in  the  pyroligneons  acid,  partly 
along  with  other  oils,  in  the  tar.  When  the  crude  pyroligneons 
acid  is  saturated  at  167^  with  dry  sulphate  of  soda,  an  oil  sepa- 
rates, which  contains  much  creosote.  In  like  manner,  by  the 
rectification  of  tar.  an  oil  of  tar  is  obtained,  the  heavier  por- 
tions of  which  contain  a  good  deal  of  creosote.  These  oils  are 
neutralised  with  carbonate  of  potash,  and  the  fluid  thus  de- 
prived of  acid  is  distilled  with  water.  The  distilled  oil  is 
acted  on  by  dilute  phosphoric  acid  to  remove  ammonia,  and, 
probably,  traces  of  oily  bases,  again  distilled,  and  dissolved  in 
aqua  potassn,  Sp.  G.  1*12,  which  dissolves  the  creosote,  along 
with  portions  of  other  oils,  but  separates  a  good  deal  of  enpion, 
&c.  The  alkaline  solution  is  now  supersaturated  with  dilute 
sulphuiic  add,  (after  having  been  boiled  in  the  air  till  it  has 
become  dark  brown,)  when  the  impure  creosote  separates.  It 
is  again  rectified,  and  the  treatment  with  potash,  boiling,  addi- 
tion of  sulphuric  acid,  and  rectification  repeated  till  the  recti- 
fied oil  dissolves  entirely  in  weak  potash,  and  this  alkaline 
solution  on  being  boiled  acquires  only  a  sl^ht  tiiijge  of  colour. 
It  is  then  finally  rectified,  and  is  pure  when  it  continues  colour- 
less on  being  kept.  The  tar  of  peat  appears  to  be  very  rich 
in  creosote,  ana  it  also  occurs  in  coal  tar.  Gbod  tar,  from 
beech  wood,  is  said  to  contain  from  20  to  25  per  cent 

Pure  creosote  is  a  colourless  transparent  liquid,  of  a  hijorh 
refractiye  and  dispersive  power,  of  a  tolerably  fluid  but  ouy 
cbnsiBtence.  Its  Sp.  G.  is  1*037,  according  to  Keichenbach,  its 
discoverer,  and  other  chemists ;  but  there  is  some  discrepancy 
on  this  point,  Dr.  Chzistison  having  always  found  it  as  high  as 
r060  and  upwards.     Ito  boiling  point  is397<'.    It  gradually 
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becomes  coloured  brown  when  kept,  unless  absolutely  pme. 
Creosote  has  a  very  strong,  peculiar,  persistent  smell  of  smoke, 
analogous  also  to  tnat  of  castoreum,  not  fetid,  but  unpleasant 
when  concentrated.  Its  taste  is  burning,  with  a  sweetish  after- 
taste. It  disoigamses  the  skin,  causing  a  white  spot,  wlMans 
the  cuticle  soon  peels  off,  without  inflammation.  When  applied 
to  the  interior  of  the  mouth  and  to  the  tongue  it  smaita 
strongly,  whitening  and  diaoigamsing  the  cuticle. 

Internally  it  is  a  powerful  poison,  but  in  a  small  doae  may 
be  employed  advantageously  in  some  cases  of  vomiting  and 
disease  of  the  mucous  membrane.  It  is  given  much  diluted 
with  water.  Bxtemally,  it  may  be  employed,  either  in  the 
form  of  aaueous  solution,  of  aintm«it,  <Nr  pure,  as  a  styptic,  and 
is  a  valuble  application  to  indolent  ulcers^  and  to  many  chrome 
cutaneous  affections.  Pure  creosote,  applied  to  the  hollow  of  m 
decayed  tooth,  so  as  to  touch  the  exposed  nerre,  instantly 
relieves,  in  many  cases,  the  most  violent  toothache.  It  acts 
apparently  by  coagulating  the  secretions,  and  thus  forming  » 
covering  ior  the  nerve. 

Creosote  dissolves  in  about  80  or  100  parts  of  water,  and  is 
exceedingly  soluble  in  alcohol  and  in  aortic  acid.  These 
solutions  have  the  smell,  taste,  and  antiseptic  power  of  the 
creosote. 

Creosote  possesses  a  singular  antiseptic  power.  Flesh  of  all 
kinds,  if  steeped  for  a  few  nours  in  a  weak  solution  of  creosote, 
becomes  insusceptible  of  putrefaction ;  and  the  same  effect  is 
produced  when  uie  flesh  is  exposed  to  the  vapour  of  creosote. 
This  is  the  reason  why  the  smiuKe  of  wood  possesses  antiseptic 
properties :  smoked  meat  or  fish  is  merely  meat  or  fish  whidi 
has  absorbed  the  vapour  of  creosote  from  the  smoke  in  which  it 
has  been  suspended.  The  creosote  appears  to  act  on  flesh,  &c. 
in  virtue  of  its  remarkable  power  of  coagulating  albumen,  which 
also  accounts  for  its  styptic  action.  Tongues  and  hams  may  be 
smoked  and  effectually  cured  by  immersing  them  for  SS4  boon 
in  a  mixture  of  1  part  of  pure  creosote  and  100  of  water  or 
brine ;  and  when  thus  prepared,  they  have  the  delicate  suK^oed 
flavour  observed  in  reindeer  tongues,  as  usually  cured  by 
smoking. 

Owing  to  the  difficulty  of  obtaining  creosote  quite  pure,  its 
composition  is  hardly  ascertained  witn  certainty.  According  to 
Deville,  whose  researches  are  the  most  recent,  it  may  be  re- 
garded as  the  alcohol,  so  to  speak,  of  the  series  of  beniovle. 
His  analyses  lead  to  the  formula  C> «  H«  Oj=Ct  4  Hy  Oa,  HO; 
but  I  cannot  ascertain  whether  this  be  the  formula  he  adopts. 

It  is  particularly  to  be  noticed,  that  there  is  a  veiy  great 
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lesemblance  between  ereoaote  and  carbolic  acid  (or  hjdnte  of 
phenyle,  Ct «  Hs  0,  HO),  a  snbetance  obtained  from  coal  tar, 
and  which  will  soon  be  described.  So  great  is  this  resemblance^ 
that  I  am  almost  inclined  to  consider  creosote  as  a  somewhat 
impure  carbolic  add.  The  taste,  smdl,  density,  (according  to 
aonie),  boiling  point,  solnbility  in  water,  Iec.,  poisonous  and 
antiseptic  action,  of  these  two  bodies,  are  the  same.  Both 
combine  with  alkalies,  fonnin^  crystallisable  compounds,  and, 
what  is  more  important,  their  composition  in  100  parts  is 
almost  identical.  The  chief  difierences  seem  to  be,  that  car- 
bolic acid  may  be  obtained  in  crystals,  which,  howeyer,  on 
contact  with  the  air  instantly  liquefy  and  retain  the  liquid 
ibnn,  without  any  appreciable  change  of  composition,  appar 
rsntly  from  the  effect  of  a  trace  of  moisture.  Also,  the  salta 
of  carbolic  acid  with  bases  are  more  easily  formed  and  more 
peimanent  than  those  of  creosote.  A  spdinter  or  shaying  of  fir 
wood,  dipped  into  carbolic  add  and  then  into  nitric  or  muriatic 
add,  becomes  first  blue  and  iJ^en  brown  ;  wUdi  does  not  ap- 
pear to  be  the  case  with  creosote.  But  Laurent  has  recently 
shown,  that  creosote,  when  acted  on  by  a  mixture  of  hydro- 
chloric add  and  chlorate  of  jwtadi,  yields  abundance  of  chlor* 
anile,  a  character  in  which  it  agrees  with  cariwlic  add.  Both 
substances  also  yield  nitropicric  acid  when  acted  on  by  nitric 
add,  although  in  the  case  of  creosote  this  add  is  accompanied 
by  others  not  yet  examined.  These  results  I  haye  myself  also 
obtained  ;  and  it  would  appear,  that  if  creosote  be  not  carbolic 
add,  contaminated  with  some  fordgn  matter,  these  two  bodies 
are  at  least  closely  connected,  and  belong  apparently  to  the 
same  series,  which  is  either  that  of  benaoyle  or  that  of  phenyle. 
It  is  not  improbable  that  creosote  may  he  a  definite  c<Hnpound 
of  carbolic  add  with  some  substuice  of  dosely  allied  composi- 
tion, but  of  bade  properties. 

Creosote  diuolyes  many  oiganic  substances,  such  as  indigo, 
camphor,  &ts.  essential  oils,  and  resins,  and  undergoes  nume- 
rous changes  oy  the  action  of  adds,  alkalies,  and  other  reagents, 
such  as  chlorine,  potassium,  and  others.  With  oil  of  yitriol  it 
is  coloured  purple,  and  appears  to  form  a  coupled  acid.  None 
of  these  reactions  or  products  haye  been  properly  inyesti^ted, 
and  we  shall,  therefore,  not  confose  the  reader  by  a  description 
of  them,  more  especially  as  the  compodtion  of  creosote  itself 
is  doubtful. 

b,  Pieamar  is  the  name  ^yen  by  Reichenbach  to  another  oil 
discoyered  by  him  along  with  creosote  in  the  heayy  dl  of  tar. 
It  is  purified  by  a  tedious  process,  by  tiie  aid  of  potash,  with 
which  it  forms  a  crystalline  compound.    When  pure,  it  is  a 
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ooloarl^  oil,  of  Sp.  G.  1*10,  of  a  bulling  and  venr  Utter  taate 
(hence  its  name  from  jpu;  and  amanu\  and  a  slight  smell.  It 
boils  at  abont  610°.  it  combines  witn  alkalies,  forming  078- 
tallisable  salts,  and  may  therefore  be  viewed  as  an  acid  in  some 
sense,  although  it  is  quite  neutral  to  test  paper.  Its  composition 
is  unknown. 

c.  Capnomar  (from  Kcarpos,  smoVe,  and  ;<oifw,p&rt),  is  another 
oil,  discovered  by  Reichenbach,  in  the  heavy  oil  of  tar,  along 
with  creosote  and  picamar.  When  the  creosote  is  purified  by 
solution  of  weak  potash,  the  oil  left  undissolved  contsins  a  good 
deal  of  capnomor,  which  is  purified  by  a  tedious  process.  It  is 
a  limpid,  colourless  oil,  of  a  nigh  refraeting  power,  with  an  aro- 
matic odour  of  ginger,  and  a  somewhat  styptic  after-taste.  Its 
Sp.  G.  is  0*9775 ;  it  is  quite  neutral,  and  boils  at  365°.  With 
sulphuric  acid  it  is  coloured  red,  and  yields  a  coupled  acid. 
Nimc  acid  converts  it  into  oxalic  acid,  nitromcric  acid,  and 
another  crystalline  substance  not  yet  ezaminecf. 

d.  EupuM  from  c^,  fine,  and  wAv,  oil  or  fat),  is  a  fourtli  oily 
liquid,  discovered  by  Reichenbadi  in  oil  of  tar.  Being  more 
volatile  than  the  rest,  it  is  purified  chiefly  by  rectification.  When 
pure  it  is  colourless,  veiy  fluid,  not  greasy  to  the  feel,  but  less 
soft  than  water,  tasteless,  and  of  a  somewhat  agreeable  odour, 
like  that  of  some  flowers,  such  as  narcissus.  Its  Sp.  G.is  0740 ; 
and  Reichenbach  states  that  he  has  even  obtained  it  so  low  as 
0*633,  being  the  lightest  known  liquid.  It  is  volatile,  boiling 
at  117°  or  lower.  It  is  in  the  highest  deme  indifferent,  resisting 
the  action  of  the  strongest  aci&  and  afitalies.  In  fact,  as  it  is 
prepared  from  the  oil  of  tar  by  rectification  and  the  action  of 
potash,  sulphuric,  and  nitric  acids  alternately  en  the  rectifod 
oil,  it  is  evident  that  it  mnst  resist  these  agents.  There  is 
good  reason  to  believe  that  several,  even  many,  different  liquids 
have  been  described  under  this  name,  and  that  most  of  tnese 
are  not  ready  formed  in  the  tar,  but  poducts  of  the  action  of 
acids,  &c.,  on  the  oil  of  tar.  Reichenbach,  however,  by  simple 
rectifications  of  the  oil  obtained  by  distilling  rape  oil,  obtained 
a  liquid  having  the  characters  of  eupion.  So  much  is  certain, 
that  similar  liquids  aie  formed  by  the  action  of  oil  of  vitric^  on 
oil  of  tar.  The  whole  of  the  liquids  called  eupion  are  carbo- 
hydrogens,  and  their  formula  is  either  CH,  or  some  multiple  of 
this,  or  else  one  nearly  approaching  to  such  a  multiple,  as 
Cs  Ha,  &c.  It  is  very  remarkable  that  some  of  them  are  very 
volatile,  while  others,  i^parently  of  the  same  oompontion, 
require  a  strong  heat,  from  400°  to  500"  for  example,  to  boil 
them. 

The  purest  varieties  of  eupion  bun  with  the  aid  of  a  wick, 
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yielding  a  very  brilliant  Inminons  white  flame,  free  from  smoke, 
and  may  herenfter  be  turned  to  account. 

S.  Solid  Produoti  of  the  Distillatioii  of  Wood. 

a.  Paraffine,  This  name  is  given  (from  parum  and  a^JMsy 
because  its  a£Bnities  are  feeble)  to  a  white  solid  volatile  sub* 
stance  very  similar  to  wax,  discovered  by  Reichenbach  in  tar. 
It  occurs  in  the  last  portions  of  the  rectification  of  the  tar, 
which  are  semisolid.  It  is  squeeased  out,  and  piuified  by  one  or 
two  crystallisations  in  ether,  which  dissolves  it  when  boiling, 
and  deposits  it  on  cooling  in  beautiful  silvery  scales.  These, 
when  melted,  assume,  on  cooling,  the  aspect  of  pure  white  wax. 

Paraffine  exists  in  huge  quantity  in  the  Rangoon  petroleum, 
and  some  other  bituminous  mineral  products.  It  is  formed  in 
large  quantity  in  the  distillation  of  wax.  It  melts  at  1 10**,  and 
distils  unchanged  at  a  high  temperature.  Its  Sp.  G.  is  0'870. 
It  bums,  in  a  wick,  witha  bcAutiful  clear  white  Ught,  free  from 
smoke,  friUy  equal  to  that  of  the  finest  wax,  if  not  superior  to 
it.  Like  eupion,  it  is  highly  indifferent,  and  it  is,  like  enpion, 
a  carbo>hydn>gen.  containing  either  C  H,  or  some  multiple  of  it» 
or  a  near  approacn  to  such  a  multiple.  According  to  Lewy,  it 
is  Ct  o  H»  I .  It  is  acted  on  by  chlorine  with  the  aid  of  heat, 
but  the  reaction  is  not  yet  studied.  The  strongest  acids  and 
alkalies  do  not  act  on  it,  even  with  the  aid  of  heat,  if  we  except 
fuming  sulphuric  add. 

b.  Vedriret.  This  is  another  compound  discovered  by  Reich- 
fflibach  in  oil  of  tar.  When  impure  creosote  is  dissolved  in 
potash,  and  acetic  acid  added,  an  oO  separates,  which  contains 
the  creosote  and  other  oils ;  but  a  certain  quantity  of  oily  matter 
remains  dissolved  in  the  acetate  of  potash.  This  is  distilled, 
until  what  passes  over  causes  a  red  precipitate  in  a  solution  of 
sulphate  of  iron.  It  is  then  collected  sepamtely,  being  pure 
ceariret  It  is  a  volatile  solid,  which  crystallises  in  a  solution 
of  sulphate  of  iron,  forming  a  net-work  of  orange-red  crvstals, 
which  dissolve  in  oil  of  vitriol  with  a  blue  colour.  Much  of 
the  colour  of  oil  of  tar  is  probably  oMring  to  this  substance. 

c.  PiUaocU,  This  is  yet  another  compound  obtained  by 
Reichenbach  from  the  heavy  oil  of  tar.  When  the  heaviest 
{portions  are  nearly  neutralised  by  potash,  the  addition  of  bary- 
tic  water  gives  rise  to  a  deep  blue  colour.  This  belongs  to 
pittacal,  but  the  mode  of  its  {purification  is  not  yet  published. 
When  pure,  it  is  a  solid,  like  indigo,  of  a  very  fine  deep-blue 
colour,  exhibiting  on  the  polished  surface  the  aspect  of  gold. 
It  admits  of  being  fixed  on  cloth,  and  would  make  a  valuable 
dyoHitnff.  Its  composition  is  unknown,  but  it  appears  to  contain 
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nitrogen.  Its  name  is  derived  from  mrra,  pitch,  and  iwXXm, 
beautiful.  It  is  a  compound  of  veiy  peat  interest,  altliouf^ 
most  probably  a  Dioduct  of  decomposition  of  the  oil  of  tar,  and 
not  leiAy  formea  in  it.  It  is  very  desirable  that  it  should  be 
farther  iuTestigated. 

d,  P^rwcaiUhme,  This  is  a  volatile  ciystalline  solid,  fint 
observed  b^  Scanlan  in  the  crude  pvroligneous  spirit  When 
this  is  rectified  with  lime^  the  lime  becomes  dark>brown  ;  and 
when  this  coloured  mass  is  acted  on  by  hydrochloric  add,  there 
is  left  undissolved  a  dark-brown  matter,  which  is  a  mixture  of 
pyroxanthine  and  a  resinous  matter.  The  mass  is  boiled  widi 
not  alcohol,  which,  on  cooling,  deposits  the  pyroxanthine  in 
crystals,  which  are  purified  bv  recrystallisation.  They  are  of 
an  intense  yellow  colour,  fusible,  and  volatile  in  a  current  of 
air,  or  with  the  vapour  of  other  substances,  but  partly  decom- 
posed when  heated  alone  in  a  dry  tube.  I^rroxanthine  dis- 
solves in  sulphuric  acid  with  a  deep  bluish-red,  and  in  strong 
hydrochloric  acid  with  a  splendid  purple  colour,  which  aoon 
passes  to  dark-brown.  I  found  its  composition  to  be  very 
nearly  Ct  t  H»  0« ;  but  as  it  forms  no  definite  compounds,  1 
could  not  control  the  analysis. 

Such  are  the  chief  products  of  the  distillation  of  wood,  as  &r 
as  they  are  yet  known.  Their  importance  is  veiy  great,  and  will 
be  still  greater  when  they  shall  have  been  better  studied,  as 
most  of  them  will  admit  of  useful  applications.  But  no  doubt 
can  be  entertained  that  the  above  numerous  list  is  far  from 
being  complete,  and  that  more  compounds  remain  to  be  dis- 
covmd  in  tar.  Indeed,  there  is  even  now  good  reason  to 
believe  that  several  or  most  of  the  substances  characterising 
coal  tar  occur  also,  although  in  smaller  quantity,  in  wood  tar. 
Such  substances  are  naphthaline,  anthracene,  and  others.  It 
is  to  be  borne  in  mind  ttiat  the  composition  of  wood  tar  varies, 
according  to  the  kind  of  wood,  the  presence  or  absence  of  oily 
or  resinous  substances,  the  comparative  abundance  of  nitro- 
g^enised  matter,  and  finally  the  temperature  at  which  the  dis- 
tillation is  carried  on. 

Wood  coal,  brown  coal,  or  Uffniie  yields,  when  distiUed,  an 
oil  of  the  consistence  of  butter,  in  which  creosote,  paraffins, 
and  probably  eupion,  are  found,  along  with  other  products  not 
yet  examined. 

PRODUCTS  OF  THE  DISTILLATION  OF  COAL. 

Coal  differs  from  wood  in  several  points,  although  it  is  unques- 
tionably derived  from  the  decay,  under  pressure,  of  woody  fibre 
and  the  other  substances  which  make  up  the  mass  of  the  early 
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▼cjgetation  of  which  our  coal-beds  ara  the  remainB.  Coal  con- 
tains mach  less  water,  and  a  mnch  lai^ger  per  centage  both  of 
carbon  and  nitrpgen,  than  wood.  Hence  it  is  decomposed  at 
a  higher  temperatnre,  and  yields  mnch  ammonia,  cyanogen,  and 
other  nitrogenised  products.  We  shall  not  here  dwell  on  am- 
monia and  cyanogen,  farther  than  to  mention  that  ont  of  the 
aqneons  prodncts  of  the  coal  gas-works  laise  quantities  of 
ammonia  are  obtained ;  and  that  so  much  hydrocyanic  acid  is 
also  present,  that  a  patent  was  taken  out  some  years  since  for 
the  preparation  of  Prussian  blue  from  the  gas  liquor.  We 
proceed  to  describe  the  chief  ingredients  of  cou  tar. 

a.  CarboUe  add.  Stn.  Hydrated  oxide  of  phenyle.  Cit 
Hs  0,  HO.  This  remarkable  add  is  found  in  that  portion  of 
the  oil  of  coal  tar  which  boils  between  300°  and  400**.  This  is 
agitated  with  twice  its  volume  of  potash  ley.  and  the  aqueous 
solution,  on  the  addition  of  an  acid,  yields  nydrated  carbolic 
acid  (impure)  as  a  heavy  oil.  It  is  purified  by  rectification 
with  a  very  httle  solid  potash. 

When  pure,  carbolic  acid  generally  appears  as  an  oily  liquid, 
colourless,  and  of  a  high  refriurting  power,  neutral  to  test  paper, 
of  Sp.  G.  1*062  to  1-065.  It  has  a  burning  taste,  and  the  odour 
of  creosote,  to  which  it  has  a  very  great  resemblance.  In  cer- 
tain circumstances  it  forms  long  needle*shaped  crystals,  which 
veiT  readily  lose  the  solid  form  bv  exposure  to  the  atmosphere, 
and  which  also  liquefy  in  sealed  tubes,  without  any  obvious 
cause.  The  crvstals  melt  at  94%  and  boil  at  368*".  The  extra- 
ordinaiy  resemolance  between  carbolic  acid  and  creosote  has 
been  noticed  above ;  and  there  can  be  little  doubt  that,  if  not 
essentially  the  same,  they  are  closely  connected  and  belong  to 
the  same  series^  or  contain  the  same  radical. 

A  splinter  of  pine-wood,  if  dipped,  first  in  carbolic  acid,  and 
then  in  moderately  strong  nitric  acid,  becomes  of  a  deep-blue, 
which  soon  passes  into  brown. 

According  to  Laurent,  cf^bolic  acid  is  the  hydrated  oxide  of 
phenyle,  Ci  t  Hf,  and  its  formula  is  (Ct«  Hs)  O,  HO.  This 
radical,  phenyle,  gives  rise  to  a  series  of  derived  compounds 
which  may  be  represented  as  follows : — 

Hjdnte  of  Phenyle,  or  Cftrbolic  Add      Gi9    H5,0       +H0 
SulphocarboUc    Acid    (Sulphophenicl   ^^^^    g^       0,H0  +  2S0. 
Acid)       •        .         •        •        .J 

Chloropheneric  Acid    .        •        .    .     Cisj^*        |o,HO 

Chloraphenealc  Acid,  identical  withl  ^g  ^ 

•the     Ghloridoptenic     Add     ofVCifl-{^.        }-0,H0 
Eidmuin         ...        .J  «-^**       J 
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CUorophenvBtc     Acid,     CbloriiiiMd  1 


Cfalorindopteme    Add    of   £rd- l>  Cia-^  ^''       |>0,HO 

r  TT  "^ 

Bromophenisie  Add         .        .  ^*'i  Br  -0,H0 


.0,HO 


Nitrophenesic  Add      •        .  .    .     ^^''J2N04 

NitTopbenesic   Add,    identical  withl   ^      f  Ha        \o  HO 

Nitropicric  Add        .        .         .J      '*\8N04j    ' 

Phenylamide  (Aniline)         •  .    .      Ci>Ha  Ad. 

Thus  the  carbolic  acid  is  connected  with  the  deriyaUves  of 
indigo,  of  salicyle,  and  other  bodies^  which  yield  nitropicric 
acid.  This  connection  is  also  shown  in  the  formation  of  chlor- 
anile,  from  carbolic  acid^  by  the  action  of  chlorate  of  potash 
and  hydrochloric  acid.  (See  nnder  Indigo,  the  formation  of 
chloranile  from  aniline).  It  is  also  shown,  by  the  fact,  that 
salicylic  acid,  Ci  4  He  (is,  when  distilled  ^one,  with  lime,  or 
with  pounded  glass,  is  resolved  into  carbonic  acid,  2  CO*,  and 
carbolic  acid,  CisHaO*.  The  action  of  carbolic  acid,  on 
organic  compounds,  is  the  same  as  that  of  creosote.  Thas  it 
dissolves  indigo,  &c.,  and  coagulates  albumen,  preventing  the 
putrefaction  of  animal  substances. 

With  bases,  it  forms  salts,  some  of  which  crystallise,  but 
which  retain  an  alkaline  reaction.  With  oil  of  vitriol,  it  yields 
a  coupled  acid,  sulpho-carbolic,  or  sulphophenic  add,  which 
forms  a  soluble  salt  with  baryta. 

The  formulffi  in  the  above  table  illustrate  the  formation,  by 
substitution,  of  the  chlorophenesic,  chlorophenisic,  and  chloro- 
phenusic,  of  the  nitrophenesic  and  nitro^enisic  adds.  It  is 
not  necessary  here  to  do  more  than  point  out  their  relation  to 
carbolic  acid  and  phenyle.  The  chlorobenzide  of  Mitscherlich, 
Ci  9  Ho  CI 6  is,  accordmg  to  Laurent,  hydrochlorate  of  chloro- 

phenise,  3  H  CI  -h  C  i .  j  ^j\    This  last  body,  chlorophenise, 

which  is  obtained  by  the  action  of  potash  on  chlorobenzide, 
would  appear  to  be  derived  by  substitution,  not  from  phenyle 
Ci  3  Hs,  but  from  benzole  Ct  9  He  ;  although  it  may  be  derived 

{H 
Q    ;  as  may  benzole  itaell 

Chlorophenise  cannot  be  obtained  dilrectly  from  hydrate  of 
phenyle,  or  its  derivatives :  but,  on  the  other  hand,  the  series 
of  benzole  has  an  obvious  relation  to  that  of  phenyle.  In  fact, 
Laurent  considers  benzole  as  in  some  measure  the  frmdamental 
compound,  or  nucleus,  and  calls  it  phene  =  ()i «  Ha. 
It  has  already  been  stated  that  mtrophenisic  acid  is  identical 
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with  nitropicric  acid.  Nitrophenesic  acid  la  somewliat  similar, 
and  fonns  salts  which  ciystallise  with  &cility,  and  detonate 
when  heated.  The  nitrophenesate  of  bazyta  is  a  beautiM  salt^ 
like  bichromate  of  potash. 

b.  Volatile  Bmcb  of  Coal-Tar. 

Besides  carbolic  acid,  Rnnge  fonnd  in  coal-tar  two  other 
acids^  rosolic  and  brunolic  aads  (of  which  litUe  is  known), 
and  three  basic  volatile  oils,  h^anoL  leukoi,  and  pyrrol.  The  last 
has  been  litttle  examined  ;  bnt  the  recent  researches  of  Hoff- 
mann have  confirmed  Range's  statements  as  to  the  two  first, 
which  have  also  been  identified  with  bases  produced  from  dif- 
ferent qnarters,  namely,  aniline  and  qninoline  or  lencoline. 
These  bases  have  alreadv  been  fully  described  nnder  the  head 
of  volatile  artificial  alkaloids. 

That  there  is  a  relation  between  aniline  and  carbolic  add 
appears  from  their  formnla ;  for  aniline  is  the  amidide  of  car- 
biolic  acid,  OTphmofnidej  being  thus  dednced  from  carbolate  of 
ammonia.  Ci  a  H.  0,  NH,  =  HO-hCi.  H.,  NO..,  The  re- 
lation maj  be  better  exhibited  thus  : — 

Carbolic  Add  (anhydrous),  or  Oxide  of  Pbenyle^r  Cia  H<  O 
Aniline,  amaphenase,  or  phenylamide       .        .  =  C i s  Ha  Ad 

As  another  experimental  proof  of  this  relation  may  be  men- 
tioned that  salicylamide,  C14H.  O4,  NHa  =  Ci4Hr  NO4, 
which  has  the  same  composition  as  potonitrobenzoene  and 
anthranilic  add,  both  of  which  yield  aniline,  when  heated  with 
lime  gives  not  aniline  but  carbolic  add,  ammonia,  and  probably 
a  carbohydrogen. 

It  will  be  remembered  that  picoline  is  isomeric  with  aniline. 
Adopting  Laurent's  nomenclature,  as  explained  under  naph- 
thaline, both  these  compounds  would  be  Galled  amaphenate ; 
and  the  relation  between  them  would  be  the  same  as  between 
any  two  of  the  seven  forms  of  chlonaphtes^ ;  that  is,  in 
aniline  the  particular  molecule  of  hydrogen  replaced  by  amide 
is  different  from  the  molecule  replaced  in  picoline.  Aniline, 
therefore,  would  be  amaphenase  a,  and  i>icoIine  amaphenase  b. 
For  the  explanation  of  the  views  entertained  on  this  and  simi- 
lar subjects,  see  chkmaphtese. 

Of  pyrrol,  and  of  ^oUe  and  brunolie  acids,  so  little  is 
known  that  we  need  not  dwell  on  them. 

c.  Volatile  Carbohydrogena  in  Coal  Tar. 
a.  Naphthaline,  C10H4,  orCtoHa.    This  remarkable  com- 
pound occurs  in  all  kinds  of  tar,  but  most  abundantly  in  coaU 
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Ur,  «8  being  foiniiBd  at  a  rerj  higb  tempentore.  It  is  fbimed 
in  additional  quantity  when  any  of  the  elements  of  oil  of  tar, 
aaoh  as  creosote,  carMlic  acid,  &e.,  or  eren  alcohol  and  eihu, 
are  passed  through  tubes  heated  to  a  strong  red-heat.  It  is 
easily  obtained  by  re-distilling  coal-tar,  when  the  latter  por- 
tions are  so  fall  of  naphthaline  as  to  be  semisolid.  It  is  well 
squeezed  out,  and  purified  by  sublimation  and  crystallisation 
in  hot  alcohoJ.  Or  the  oil  of  coal-tar  is  saturated  with  chloiine 
gas.  which,  by  destroying  some  of  the  oils,  allows  the  naph- 
thaline to  crystallise. 

Pure  naphthaline  is  colourless  and  volatile,  and  forms  lazge 
tabular,  transparent  ciystals,  of  a  very  peculiar  smell,  and  an 
acrid  aromatic  taste.  It  boils  at  414**,  but  distils  easily  with 
the  vapours. of  water,  and  is  dissipated,  like  camphor,  if  left 
exDOsed  at  the  ordinanr  temperature. 

It  is  acted  on  by  chlorine  and  bromine,  which  combine  with 
it  in  the  fiist  instance,  and  also  give  rise  to  a  laige  number  of 
compounds  formed  by  substitution ;  and  by  sulphuric  and  nitiic 
acids,  each  of  which  produces  a  number  of  new  compounds 
with  it.  These  changes  have  been  studied  with  singular  per- 
severance and  remarkable  sagacity,  by  Laurent,  more  especially 
the  action  of  chlorine,  bromine,  and  nitric  acid.  His  researches 
have  been  attended  with  unusual  success,  and  he  may  be  said 
to  have  originated  and  establidied,  by  these  researches,  the 
now  received  doctrine  of  substitutions.  I  cannot  hope  to  give 
even  an  accurate  outline  ot  all  that  Laurent  has  done  in  this 
department,  because  I  have  nowhere  seen  a  complete  aooocuit 
of  these  curious  results  as  they  now  stand ;  but  until  the  author 
himself  shall  publish  a  complete  account  of  his  researches  an 
naphthaline,  I  shall  place  before  the  reader  such  a  general 
account  of  them  as  may  show  the  great  importance  of  the  sub- 
ject, and  some  of  the  interesting  nets  already  ascertained. 

1.  Action  of  Chlorine  snd  Bromino  on  Naphthalme. 
(It  is  necessary  here  to  explain  the  principle  of  nomenclature, 
provisionally  adopted  by  Laurent,  especially  for  cases  like  this 
of  substitutions,  where  the  ordinary  nomenclature  is  entirely 
inapplicable.  The  nomenclature  oi  Laurent  may  be  thought, 
b3r  some,  uncouth ;  but  it  is  simple,  systematic,  and  consistoit 
with  itself.  Beginning  with  naj^thaliiSe,  he  gives  to  the  com- 
.pounds  formed  dv  the  successive  substitution  of  chlorine  for 
hydrop;en,  names  beginning  with  chlo,  and  ending  with  a  syllable 
in  which  the  vowels  a,  e,  i,  o,  and  u,  are  employed  to  designate 
the  rephicement  of  1,  2,  3, 4,  and  6  eq.  of  hydrogen.  Thus,  if 
in  naphthaline,  C»o  H«,  1  eq.  of  hydrqgen  is  replaced  by 
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chlorine,  we  have  the  compomid  C>o  )qi'«    '^^  ^  called 

chlonaphto«e.     The   componnd   Caoj^/    if  chlonaphleM/ 

Ct  o  j  Qj'  18  chlonsph^iftf,  &c.    The  corresponding  compounds 

of  bromine   are  bronaphto^tf,  bronaph^e.  and  bronaphltM. 

When  we  get  as  far  as  chlonaphffMe  Ct  o  j  q/  as  there  are  no 

more  rowels,  we  begin  again  with  a,  adding  a  syllable  to  the 

word.    Thus  C»o  j  ^'^  is  chlonaphto/a»«,  Cto  j  q^  is  chlo- 

rkaLphfalese,  and  C>o  Cla  is  chlonaphto/Me,  and  so  on  with 
bromine.  When  hydrogen  is  replaced,  partly  by  chlorine, 
partly  by  bromine,  then  the  name  is  so  constructed  that  the 
final  syllable  indicates  the  sum  of  the  equivalents  of  chlorine 
and  bromine,  while  both  chlorine  and  bromine  are  prefixed. 


q/ ;  and  the  compound  G0O  <  Cla 

(H.  ^^' 

8;    Co  <Cl  is 
(Br. 


(1 

chlocfbronaph^oM/    Gso^Clis  chlorabronaphfMtf.     The 


former  of  these  two  may  also  be  bronuiehlonaph^Me,  and  the 
latter  bromtchlonaphloM.  We  shall  see,  hereafter,  that  it 
BUiy  be  necessary  to  use  both  forms  to  distinguish  different 
compounds  which  are  isomeric.  Again,  where  hydrogen  is 
npheed  by  NO4,  we  ^ye  (NO4  being  represented  by  X), 

Cso  Ijr*  nitronaphtase,  and  so  forth.    In  like  manner,  if  H 

were  replaced  by  Ad  (Ad  ss  NHt),  we  should  haye  C«o  <  A 

=  Ca o  H9  N.  This  would  be  called  amanaphtase ;  and  such 
a  compound  has  been  already  described  under  the  name  of 
naphthalidine.  It  is  evident  tliat  this  nomenclature,  although  it 
gives  rise  to  words  of  a  singular  aspect,  is  yet  easily  understood, 
and  may  even,  in  many  cases,  serve  as  well  as  a  formula  to 
remind  us  of  the  composition.  Laurent  has  applied  it  to  many 
other  series,  as  we  have  seen  in  the  series  of  phenyle.  where 
we  have  cnlorophenesic,  chlorophenisic,  and  chloropnenusic 
acids,  &c.) 

When  chlorine  is  brought  in  contact  with  naphthaline,  the 
latter  melts,  and  there  are  formed  at  once  two  componnas  of 
chlorine  and  naphthaline;  the  chloride  of  naphthaline,  Cao  H« 
-h  CI4;  and  the  subchloride  of  naphthaline  CaoHa  +  Cla. 
At  the  same  time  hydrochloric  acid  is  disengaged,  arising  from 
p  p  2 
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the  action  of  cUoiine  on  one  of  these  chlorides.  The  foimer  is 
a  solid,  which  is  best  purified  by  solution  in  hot  oil  of  petroleum, 
which  deposits  it  on  cooling  in  crystals.  It  may  also  be  purified 
by  means  of  boiling  ether,  which  dissolves  it  to  a  certain  extent 
and  deposits  it  on  cooling.  Chloride  of  N  is  deoompoeed  by 
heat,  yielding  no  less  than  four  different  isomeric  forms  of  chlo- 
naphtese.  An  alcoholic  solution  of  potash  converts  it  ifito  two 
more  forms  of  chlonaphtese.  It  is  also  acted  on  bv  chlorine, 
bromine,  nitric  acid,  and  sulphuret  of  ammonium,  yielding  many 
new  compounds. 

Subchforide  of  N  is  an  oily  liquid,  which  by  the  action  of 
heat  is  partially  changed  into  hydrochloric  acid,  and  one  form  of 
chlonaphtase.  An  alcoholic  solution  of  potash  also  converts  it 
into  chlonaphtase  and  chloride  of  potassium.  Chlorine  converts 
it  into  two  chlorides  of  chlonaphtase,  isomeric  but  distinct;  if 
the  heat  is  too  strong  there  is  formed  one  kind  of  chlonaphtise. 

When  bromine  is  made  to  act  on  naphthaline,  no  bromide  of 
N  is  formed,  but  by  drobromic  acid  is  separated  and  bronaphtase 
is  produced. 

ChUmaphUuey  Cao  (Hr  CI),  is  obtained  by  acting  on  snb- 
chloride  of  N  by  alcoholic  solution  of  potash.  On  the  addition 
of  water,  an  oily  liquid  separates,  which  is  purified  by  rectifica- 
tion, and  is  then  chlonaphtase.  No  isomeric  modification  of  it 
is  yet  known,  but  the  existence  of  such  is  extremely  probable. 
Bromine  acts  on  it,  converting  it  into  bromide  of  chlorabro- 
naphtese,  Br^  +  C>o  H«  ClBr. 

BranaphkuCy  do  (H7  Br),  is  formcA by  the  direct  action  of 
bromine  on  naphthaline,  care  bein^  taken  to  avoid  excess  of 
bromine,  which  would  form  bronapntese,  and  excess  of  naph- 
thaline, which  would  remain  unchanged.  Bronaphtase  is  a 
colourless  oil,  decomposed  by  chlorine  and  bromine,  the  latter 
converting  it  into  bronaphtese  and  the  products  of  the  further 
action  of  bromine  on  bronaphtese.  As  yet  only  one  form  of 
bronaphtase  is  known. 

Chlonaphtese,  C»o  (H«  Cl»),  occurs  in  no  less  than  seven  dif- 
ferent isomeric  forms.  These  are  distinguished  by  Laurent  as 
modifications  a,  c,  €id,  e,/,  x,  and  jf,  but  1  am  not  aware  of  the 
principle  on  which  these  letters  are  selected,  a,  e,  f,  and  x,  are 
obtained  by  the  action  of  heat  on  the  chloride  of  N ;  ck^and  e  by 
boiling  chloride  of  N  with  tincture  of  potash ;  and  y  by  the 
action  of  chlorine  on  nitronaphtese.  a  and  x  are  liquid,  aJl  the 
rest  crystallise  easily.  The  solid  forms  have  each  a  different 
point  of  fusion,  and  the  whole  seven  give  different  results  when 
acted  on  by  chlorine  and  bromine.  Since,  therefore,  the  com- 
position of  all  seven  is  the  same,  we  are  compelled  to  adopt 
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the  cbnclvrion  that  it  is  not  the  same  2  eq.  of  hydrogen  which 
are  replaced  by  chlorine,  and  that  it  is  not  indifferent  which 
eqniTidents  of  hydrogen  are  thus  replaced,  bat  that,  on  the 
oontranr,  the  properties  of  these  compounds  depend  on  the 
particular  eamvalents  or  molecoles  of  hydrogen  replaced  by 
chlorine,  and  that  consequently  the  arrangement,  or  relative 
as  well  as  absolute  position  of  these  molecules  in  the  compound 
molecule,  is  a  matter  of  far  ^eater  importance  (at  least,  in  this 
and  other  analogous  cases),  m  reference  to  chemical  characters, 
than  the  properties  of  the  elements,  or  their  place  in  the  electro- 
chemical arrangement. 

Refezring  to  what  I  have  said  on  the  subject  of  types,  at 

SK  261 — ^266, 1  would  here  point  out  that  naphthaline  is  a  type, 
e  molecule  of  which  is  made  up  of  20  equivalents  (not  single 
atoms,  but  molecules)  of  carbon,  and  8  equivalent  molecules  of 
hydrogen ;  and  that  chlonaphtese  is  a  subtype,  in  which  the  20 
molecules  of  carbon  are  associated,  as  in  the  fundamental  type, 
with  8  other  molecules,  not  all,  as  before,  of  hydrogen,  but  6  of 
hydrogen  and  2  of  chlorine,  a  body  usually  considered  as  entirely 
opposed  to  hydrogen,  chlorine  being  strongly  negative,  and 
hydrogen  stronely  positive.  Yet  the  type  remains  unchanged, 
and  we  cannot  help  seeing  that  the  2  molecules  of  chlorine,  in 
virtus  of  their  potUicn  m  reference  to  the  ^  of  carbon,  are 
playing  the  part  of  2  molecules  of  hydrogen. 

Furuier,  if  we  conceive  the  8  molecules  of  hydrogen  in  the 
fundamental  type  to  occupy  each  a  fixed  position,  in  relation  to 
the  20  of  carbon,  we  see  from  the  wonderful  phenomena  just 
indicated,  namely,  from  the  existence  of  seven  distinct  forms  of 
chlonaphtese,  that,  in  each  of  these,  a  different  pair  of  molecules 
of  hydrogen  has  been  replaced  by  chlorine.  If  the  8  molecules 
of  hydrogen  be  supposed  to  be  numbered,  according  to  the  fixed 
position  of  each  in  the  compound  molecule  of  the  type,  then  we 
can  see  that  in  chlonaphtese  a,  the  molecules  1  ana  2  may  be 
those  replaced,  while  in  c  the  molecules  6  and  7  may  be  those 
replaced  by  chlorine,  and  so  on.  It  is  easy  to  calculate  that  in 
this  wa^  at  least  28  different  isomeric  forms  of  chlonaphtese 
may  exist,  and  of  these  seven  are  already  known. 

Our  space  will  not  admit  of  details  on  the  different  forms  of 
dilonaphtese,  but  I  have  thought  it  indispensable  to  explain  the 
view  now  taken  of  these  singular  compounds,  in  a  general  way. 
It  is  evident  that  we  may  expect  much  light  to  be  thrown  on  the 
obscure  subject  of  the  molecular  arrangement  of  compounds  by 
continued  researches  in  the  same  direction .  The  recent  progress 
of  those  departments  of  physics  which  are  most  closely  allied  to 
chemistry,  has  established  the  existence  of  oertai|i  relations 
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between  the  atomic  weight  and  constitution  of  o<Mttpoimds  and 
their  physical  properties,  sach  as  yolame  or  density,  Tolatilitjy 
state  in  remid  to  cohesion,  solidity,  fluidity,  &c^  and  ciystaUuie 
form.  We  now  see  a  procpect  of  tracing  the  connection  be- 
tween the  molecular  arrangement  of  compound  bodies  and  their 
chemical  properties ;  and  we  may  even  hope  hereafter  to  be 
enabled,  simply  by  accurate  observation  of  the  external  pro- 
perties of  a  body,  physical  and  chemical,  to  ascertain  its  com- 
r'tion  and  constitution;  and  also  to  predict  with  aocnney 
properties  of  compounds  yet  unformed,  the  fcnmatioa  of 
whicn  will  probably  become  a  problem,  solvable  by  a  lew  roles 
of  uniyeTBal  application. 

For  the  present,  we  have  only  the  distant  prospect  of  tLsse 
results;  but  we  haye  only  assiduously  to  puisne  the  study  of 
nature  on  true  indnctiye  principles,  in  oider  to  be  hezBaAes 
enabled  to  bring  into  order  the  chaos,  so  to  speak,  of  interastuig 
imd  important  obseryations,  the  number  of  which  is  honrly 
increasing,  while  a  laige  proportion  of  them  have  not  yet  found 
a  use  or  an  application.  We  must  now  return  to  the  deriyatiyes 
of  naphthaline,  which  we  haye  only  space  briefly  to  name. 

Brtmaphtese,  €••  (H«  Brt),  is  easily  formed  hj  the  action 
of  bromine  on  naphthaline  or  on  bronaphtase.  It  is  a  crystal- 
Usable  solid,  and  probably  conesponds  to  chlonaphtese,  e.  Only 
one  bronaphtese  is  yet  known.  It  fonos  seyml  oompoonds 
with  bromine. 

Ghlonaphtue,  C«  o  (H  a  Gh ),  occnrs  in  six  different  forms  (ovt 
of  66  which  are  possible),  a,  ac,  c,  g,  d,  and  ad,  all  of  which  ara 
crystallisable  solids.  They  are  obtained  in  difPersnt  ways :  a  by 
boiling  with  tincture  of  potash  the  oily  modification  of  chlwide 
of  chlonaphtase ;  oc  by  the  action  of  chlorine  on  chlon^[»hteso 
od,  melted ;  and  p  along  with  some  of  a,  by  boilinf  with 
tincture  of  potash  the  ciystallised  chloride  of  chlonapntase ; 
d  by  distilling  the  ci^taUised  chloride  of  chlonaphtase ;  and 
ad  by  boiling  with  tincture  of  potash  the  double  chloride  of 
naphthaline  and  of  chlonaphtase ;  a  is  oonyerted  bj  chlorine 
into  chlonaphtese  a;  and  bromine  oonyerts  it  into  chlori- 
bronaphtose  a. 

BrinaphHae,  Cao  (Hs  Cli),  is  obtained  by  heating  the  bro- 
mide of  bronaphtise,  when  bromine  is  giyen  off.  It  is  ayitalo 
lisable.    Only  one  form  is  yet  known. 

ChUmaphtose,  C90  (H4  Cl«),  occurs  in  four  isomeric  forms,  s, 
b,  e,  and  £,  out  of  a  yeiy  laige  number  which  arepossible.  They 
are  all  crystallisable.  It  is  unnecessary  to  mention  the  methods 
employed  to  obtain  them,  which  are  analogous  to  those  ahescfy 
described  for  chloqi^htise  or  chlonaphtase* 


PBODVCnre  DXRITBO  FROX  KikPHTBALlKB.  575 

Bromaphtoiey  €>  o  (H4  BT*)y  appears  to  ezisi  in  two  fomu,  a 
and  by  Ixyth  crystalliaable. 

CAlonaphHuBy  Ct  o  (H«  Ch),  and  Bronaphkae,  Ct o  (H j  Br.), 
are  not  yet  known. 

ChUmapktalasey  do  (Ht  Cl«),  is  obtained  by  the  action  of 
chlorine  on  chlonaphtise  a.    It  forms  soft  flexible  prisms. 

Chlma^phtdUiey  Us  o  (H  Clr),  is  not  yet  known. 

CMonaphtaliMe^  Gao  Cls,  uie  componnd  in  which  all  the 
hydrogen  of  naphthaline  is  replaced  by  chlorine^  is  obtained  by 
continuing  the  action  of  chlonne  on  chlonaphtise  a.  It  is  also 
ciystallisable.  Lanrent,  apparently  from  its  crystalline  form, 
considers  it  to  correspond  with  the  modifications  c  of  chlonaph- 
teae  and  chlonaphtira ;  and  for  the  same  reason  he  consi<fers 
the  onhr  chlonaphtalase  known,  as  chlonaphtalase  a.  In  liie 
case  of  ohlonaj^talise,  if  different  modifications  can  occur, 
ihef  mnst  depend  on  a  different  principle  from  that  whidi 
cesnlates  the  modifications  of  those  compounds  in  which  both 
cmorine  and  hydrogen  are  concerned.  But  until  Laurent  diaU 
|»ablish  a  complete  account  of  his  views,  it  is  not  easy  to  ascer- 
tain exactly  wnat  those  views  are.  I  suspect  some  error  in  the 
onlv  account  of  these  researches  to  which  I  could  refer. 

Besides  the  above,  there  are  a  number  of  compounds  derived 
from  naphthaline,  in  which  the  hydrogen  is  replaced  by  bromine 
and  chlorine  at  once. 

Chlorebronaphtise  a,  C»o  (Hi  Cl>  Br)^  is  a  oystalline  solid 
very  similar  to  chlonaphtise  a. 

OhlaranmafktaBe  6.  Ct  0  <H4  Clt  Brt),  is  obtained  by  the 
action  of  bromine  on  chlonaphtese/ 

C^loribnmaphiow  a,  BfrntiockkmaphtoH  a.  and  BrtmaMh 
naphUme  5,  are  three  isomeric  compounds.  The  first  is  obtained 

S'  the  action  of  bromine  on  chlonaphtise  a,  and  the  bromine  is, 
erefore,  placed  second  in  the  name.  The  two  others  are  both 
formed  when  chlorine  acts  on  bronaphtese.  These  are  tibe  com- 
pounds alluded  to  at  p.  266.  They  furnish  a  very  beautifiil 
proof  of  the  truth  that  the  position  of  the  replaced  or  replacing 
molecule  is  all-important.    They  are  all  cr^tallisable. 

BrfrnMhUmapMote  b,  Cso  (Hs  Ch  Bra),  is  a  ciystaUitte  solid 
obtained  by  bouing  chloride  of  bromechlonaphtise  wi&  tincture 
of  potash. 

iMfribronapkiiU0f  Gao  (H*  Gl<  Bra)  is  a  crystalline  solid, 
formed  by  the  action  of  bromine  on  chloride  of  naphthaline. 

There  remain  to  be  described  some  compounds,  analogous  to 
the  chlorides  of  naphthaline,  and  containing  consequently  chlo- 
rine or  bromine,  in  addition  to  the  ty^  or  subtype. 

Chloride  of  ehUmapkUue^  Gl«  -h  Gao  (H?  CI),  u  obtained  by 
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the  action  of  chlorine  on  the  sabchloride  of  nq>hthaline.  It  is 
the  most  remarkable  of  the  whole  aeries  from  the  great  nae 
and  beaaty  of  its  dyatals.  It  occurs  in  an  iaomeric  form  as  an 
oily  liquid.  When  distilled,  these  compounds  yield  different 
forms  of  chlonaphtise  mixed  together. 

Chloride  qfMmaphtese,  CI4 +C>  0  (H«  Cls^, occurs  in  three 
isomeric  forms,  a  and  or  are  oOy  liquids,  denved  respeetiyely 
from  chlonaphtese  a  and  x  by  the  action  of  chlorine,  c  is  de- 
riyed  from  chlonaphtese  c  in  the  same  way,  and  is  crystalline. 
Th^  all  yield  chlonaphtese  when  heated,  but  in  different  forms. 

JUromide  of  ehUmaphieie.  Br4+CBe  (Ha  Clt),  is  obtained  by 
the  action  of  bromine  on  chlonaphtese  c.  It  is  crystalline.  An 
excess  of  bromine  produces  at  least  fiye  different  compounds. 

Bromide  of chhrabr<maphi€$eyBT^'^Qto^^ 
when  bromine  acts  on  chlonaphtase.    It  is  crystalline. 

Bromide  of  bronaphteie,  Bt*  -i-C>  o  (He  Br*  ),  is  formed  by  the 
action  of  bromine  on  bronaphtese.  It  is  crystalline,  and  when 
distilled  yields  hydrobromic  acid  and  bronanhtose. 

Subbfimide  of  brcnaphliHy  Br>-i-Cto  (Hs  Br*),  is  formed 
along  with  the  preceding.    It  is  also  crystalline. 

Bromide  of  bronaphiise,  Br^H-Cto  (H<  Brj),  is  also  a  highly 
crystalline  solid. 

SubMoride  of  branaphta$e,  Cls+Cto  (Hr  Br),  formed  by 
the  action  of  chlorine  on  bronaphtase,  ciystalliaes  in  regular 
rhomboidal  plates. 

Chloride  of  bronaphtete^  CU-f  Cvo  (He  Br*)  crystallises  in 
long  prisms.  PerMoride  ofbronaphiue,  Cls  -hCt  o  (Hs  Br«), 
crystallises  in  right  prisms  with  rhombic  base. 

CMoride  ofbromeMma^Msey  CU+C.o  (H*  Br«  CI),  crys- 
tallises in  oblique  rhombic  prisms.  When  boiled  with  tinetme 
of  potash  it  yields  bromechunuwhfyue,  C«o  (H3  Brs  CIj). 

AU  the  preceding  compound^  haye  been  disooyered,  studied, 
analysed,  and  described  by  Laurent,  besides  a  large  additional 
number  of  deriyatiyes  of  naphthaline,  under  the  agency  of  chlo^ 
rine  and  bromine,  which  he  has  not  so  fully  examined.  Those 
here  named  are  sufficient  to  illustrate  the  endless  yariety  of 
compounds  attainable.  Eyery  subtype  of  the  orifinal  type  of 
naphthaline  admits  of  numerous  permutations,  and  where  Doth 
chlorine  and  bromine  are  present,  the  number  of  possible  per- 
mutations is  enormously  increased.  In  short,  these  remarkable 
researches  haye  only  made  us  acquainted  with  a  yerjr  small 
selection  of  the  possible  products  of  the  action  of  chlorme  and 
bromine  on  naphthaline,  the  type  remainwff  undumaed. 

Thus  the  subtype  chlonaphtese,  Cto  (m  Gl«),  admits  of  65 
isomeric  modifications,  all  oifimnt,  as  does  of  course  broni^- 
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toae  also.  Bat  these  subtypes  may  yield  the  modified  subtypes, 
chloiabronaphtose,  chlorebionaphtose,  chloiibronaphtose,  bro- 
machlonaphtose,  bromechlonaimtose,  and  bromicmoiiaphtose, 
and  others,  difficult  to  name,  depending  on  the  relative  proper^ 
iions  and  positions,  in  the  molecule  of  the  subtype,  of  the  4 
eq.  chlorine  and  bromine.  It  is  easy  to  imagine  14  such  modi- 
fied subtypes,  and  there  appears  no  reason  why  each  of  them, 
with  the  two  subtypes,  should  not  admit  of  at  least  65  isomeric 
forms.  This  would  give  1040  isomeric  forms,  all  included 
nnder  the  two  subtypes  chlonaphtose  and  bronapntose,  or  under 
one  subfype  which  may  be  called  naphtaaey  Cao  (H4  X4).  X 
18  here  put  for  chlorine  or  bromine. 

2.  Action  of  Sulphuric  Add  on  Naphthdme. 

When  naphthaline  is  dissolved  in  warm  oil  of  vitriol  to 
saturation,  the  solution,  if  left  exposed  to  the  air,  becomes  a 
'semisolid  mass  of  a  dirty  purplish  colour.  This,  dried  on  a 
porous  brick,  leaves  a  quantity  of  scales,  very  soluble  in  water 
and  alcohol,  which  are  a  mixture  of  two  aci^ 

a.  HypomOphMapMhaUe  acid,  Cto  Hs^  8a  Os  +  HO  ?  The 
above  mixture,  beinff  dissolved  in  water,  is  saturated  with  car- 
bonate of  lead,  whicn  forms  insoluble  sidphate  of  lead,  and  two 
soluble  salts,  one  of  which  is  soluble  in  alcohol  and  contains 
this  acid,  and  yields  it  when  decomposed  by  sulphuretted 
hydrogen.  The  acid  forms  a  hard  crystalline  fusible  mass 
of  an  add  and  bitter  taste.  Its  salts  are  soluble  and  ciystallis- 
able.    Their  formula  is  Cao  Hi «  Sa  Oi,  MO. 

h,  HypotuIphcM^^  HftSa  0«  =Cii  H4Sa  Os, 

HO?  The  lead  salt  insoluble  in  alcohol  contains  this  acid,  the 
salts  of  which  are  soluble,  bitter,  and  hardly  crystaUisable.  It 
18  possible  that  a  third  acid  accompanies  these  two :  for  Fara- 
day obtained  a  third  salt  of  baryta,  and  Berzelius  found  a  third 
salt  of  lead  in  the  mother  liquid  of  the  other  two.  Faraday's 
salt,  which  remains  with  the  sulphate  of  baryta  formed  in  ue 
process  by  the  free  sulphuric  acid,  and  may  be  extracted  by 
boiling  water,  yields  about  42  per  cent,  of  sulphate  of  baryta 
-when  calcined. 

The  vi^urs  of  anhydrous  sulphuric  acid,  passed  over  fused 
naphthaline,  form  with  it  a  red  liquid.  If  the  add  be  in  excess, 
there  is  formed  a  new  add,  the  hyptmdphof/koinie  acid,  besides 
flmaU  quantities  of  the  preceding  adds ;  if  there  be  excess  of 
naphthaline  there  are  formed  two  neutral  hodi&i,9U^honaphtha- 
Hm  and  itdphcnapkthalide, 

ffkainic  aeidy  when  pure  and  dry,  is  a  hard  fisgey 
ben  predpitated  from  ita  udts  by  stronger  acids,  it 
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lorms  a  Tiseid  hydnte  like  torpentine.  Its  nits  are  genenllj 
•oluble  and  do  not  crjitalliae.    Its  compontion  Lb  unknown. 

SuipkonapMaUney  Ct o  Ht  SOt  t  is  a  cxTstalline  fnaible 
solid. 

8ulpk(maphihalidef  Cw*  Hio  SOt  f  is  a  eiTstailine  powder 
not  fusible  at  81 2». 

3.  Action  of  Nitric  Add  on  Naphthaline^  and  ita  DerivatiTeiL 
Nitric  acid  acts  on  naphthaline,  and  gives  rise  to  a  whole 
series  of  compounds  in  which  N O4  is  substituted  for  hjdrogeiL 
The  same  principles  apply  here  as  in  the  action  of  chlorine  and 
bromine  on  naphthaline.  It  is  to  Laurent  that  we  are  indebted 
for  our  knowledge  of  these  compounds,  which  our  apace  will 
only  allow  us  to  name. 

liitronaphtaie,  C»o  Hr  X,  (X  is  here  put  for  N0«),  is  best 
formed  by  causing  nitious  add  to  pass  Uurough  melted  nvpbr 
thaline.    It  is  purified  by  means  of  alcohol,  and  forms  long 

Srisms  of  a  sulphur-yellow  colour,  fusible  at  110*.  Chlorine 
ecompoees  it,  producing  chlonaphtose.  Nitric  add  converts 
it  into  nUnmafhteie,  By  the  action  of  sulphuretted  hydrt)|^ 
and  ammonia,  it  yields,  as  has  been  already  explained,  a  bMe^ 
naphtalidiw  or  amanaphtoBe,  do  Ad  Hr=C«o  H»  N. 

Naphtakue,  do  (Hr  0).  is  a  yellow  crystalline  solid  fonned 
by  gently  heating  nitronapntase  with  10  parts  of  lime  subtly 
moistened.  It  communicates  to  oil  of  vitriol  a  magnincent 
blue  colour.  It  is  insoluble  in  alcohol  as  well  as  in  water, 
otherwise  it  would  recall  pyroxanthine,  which  is  yellow  and 
volatile  and  colours  sulphuric  acid  purple. 

NUronapkteseyC^o  (H«  Xt),  forms  a  crystalline  powder 
fusible  at  ZW,  insoluble  in  water,  very  sparingly  soluble  in 
alcohol.  It  is  converted,  by  the  action  of  sulphuretted  hydro- 
gen and  ammonia,  into  the  new  artificial  base,  iemim^tnUdm^ 
ssCoH.  N. 

NUronapkteise,  Ct o  (Hs^  Xt^)  ?  is  a  crystalline  compound 
formed  when  naphthaline  is  added  in  small  quantities  to  a  large 
mass  of  hot  nitnc  add.  Nitronaphtese  is  produced  along  with 
it.  It  is  pale-vellow  and  very  fusible,  becoming  liquid  evoiin 
boiling  alcohol.  This  great  fusibility  prevents  us,  notwith- 
standing its  strange  formula,  from  considering  it  as  a  mixture 
of  nitronaphtese  and  nitronaphtise,  the  former  of  which  melti 
at  365%  the  latter  at  410°,  and  which  are  very  insolnble  in 
ether,  in  which  liquid  nitronaphteise  readily  dissolves. 

NUnmaphHse,  Cao  (Hi  Xa),  is  formed  along  with  the  pror 
ceding,  and  crystallises  in  rhomboidal  plates  of  a  pale-yeUow 
colour,  fusible  at  410^. 
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Niirmapktale,  Ci  t  Hs  N«  Oi  i,  is  a  OTBtalline  Babstance, 
loimed  bj  the  loBc-continued  action  of  nitric  acid  on  the 
mother  liquor  of  aU  the  preoeding.  It  melts  at  420^,  and 
•ometimes  solidifiea  in  an  amorphom  state  ;  a  sli^t  heat,  or 
touching  the  melted  sabstanoe  with  a  point,  eauses  it  to  oya- 
tallise. 

NitrfmapkUtU  add,  Ci«  H«-i.Ni4  0^?  Cjt  H»  N«  Os  f 
This  add  is  fonned  when  nitronaphtalese  is  boiled  with  tinc- 
tnre  of  potash,  and  is  separated  from  the  potash  by  nitric  add. 
When  dnr  it  is  brownish-black,  and  fonns  brown  salts,  whidi 
are  soluble  and  anciystallisable.  NUtrmaphialHtic  aoid,  Cit 
H4  0«  Kt4^  or  C«4  Ha  On  Na,  is  a  siinilar  acid,  fonned  from 
nitronaphtatese.  NUnmapkimc  acid  is  another  brown  add, 
formed  in  the  same  way  from  nitronaphtalise. 

OMe  o/chlofwo^naphtatey  0*  +  do  (H*  01.  Os),  is  formed 
when  nitnc  add  acts  on  crystallised  chloride  of  cmonaphtose. 
It  appears  as  a  yellow  ciystaUine  solid.  It  is  accompanied  by 
chloranaphtisic  add,  into  which  it  is  also  converted  by  boiling 
with  tincture  of  potash. 

ChlonmapiUmeaeid,  Cs  o  Hs  01  Oe,  is  fonned  from  the  pre- 
eeding  compound,  as  follows :  Co  H«  01.  0^  +  HO  +  2  KO 
sK  01  +<0t o  Hs  01  0«  +  K  0).  It  is  separated  from  the 
potash  bv  adding  an  add,  and  forms  yellow  crystals,  fusible  at 
392^.  Its  salts  are  for  the  most  part  insoluble,  and  exhibit 
the  most  beautiful  cdours,  including  yellow,  orange,  red,  and 
carmine. 

.  (hide  of  MaroafSnaphiaUse,  0.  +  O.o  Ola  0>,  is  obtained 
alon^  with  chlophtalisie  add  and  other  compounds,  when  nitric 
add  IS  boiled  with  Mmapktakue,  0  >  o  H  >  Ola .  It  forms  golden 
•cales. 

Chlaroas^naphtaletie  add,  0* o  H  01s  Oa,  is  formed  when  the 
precedinj;  compound  is  acted  on  by  potash,  which  at  once 
changes  it  into  a  fine  carmine-red  substance,  from  which  acids 
separate  the  new  add  as  a  yellpw  crystalline  powder.  It  forms 
bc»utifnl  red  salts  with  potash  and  ammonia.  It  is  formed  as 
follows  :-^..  Ola  0«  +  HO  +  2  K 0 3=  (0..  HQ.  Oa-|-KO) 
-HKOl. 

Phkdie ot  napkkdie  add,  Oia  H4  Oa,  2H0s0ia  Ha  Oa, 
is  formed  by  the  action  of  nitric  add  on  chloride  of  naphtha- 
line. It  forms  rounded  groups  of  konellar  crystals,  and  jrields 
crvstallisable  salts.  When  aistilled  with  lime,  it  jrields  ben- 
aole  (ph^e),  and  carbonic  add,  Oi  a  Ha  Oa  =s  4  0  0.  +  Oi . 
Ha.  ^  When  the  hydrated  acid  is  distilled,  it  yields  the  anhy- 
drous add  in  fine  elastic  needles. 

The  add  phtalate  of  ammonia,  Cia  H4  Oa,  NH4  0,  HO, 
when  heated  yields  water,  4  HO,  vnii pkuUimidej  Oi « H«  NO*. 
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PkuUamide,  Ci  0  H,  NOf ,  is  obtained  by  acting  on  anhy- 
droiur  nhtalic  acid  by  ammonia.  It  appears  that  phtalimide  is 
acid  pntalate  of  ammonia,  minns  4  eq.  water,  while  phtala- 
mide  is  anhydrous  phtalate  of  ammonia,  Ci «  H«  Oe  +  NH«, 
minus  1  eq.  water.  Both  are  ciystalline  solids,  and  both  ap- 
pear to  form  definite  compounds  with  oxide  of  sUver. 

NUrophtaUe  acid,  Ci«  Hs  NOio,  2  HO,  is  derived  from 
phtalic  acid  by  the  substitution  of  1  eq.  NO*  for  1  eq.  hydro- 
gen. CisH^'O*— H+N04=Ci«HjNOio.  Itforms  beau- 
tiful pale-yellow  ciystals ;  and  when  gently  heated,  it  yields 
the  anhydrous  add  m  fine  white  needles. 

Chlophtalisie  aeid,  Ct «  H  Cls  9«>  ^  formed  along  with  the 
oxide  of  chloroxenaphtose  when  chlonaphtalase  is  boiled  with 
nitric  acid.  It  is  oystallisable,  and  represents  anhy^ua 
phtalic  acid,  in  which  3  eq.  hydrogen  have  been  replaced  by 
3  eq.  chlorine. 

lo  judffe  from  the  action  of  chlorine  unaided  by  heat,  and  of 
nitric  acid,  on  naphthaline,  that  body,  C«i>  Hs,  is  componed  of 
two  carbohydrogens,  Ci «  H4  and  C4  H«,  the  latter  of  which  is 
more  easily  altered.  The  former,  plus  6  eq.  oxygen,  yields 
phtalic  acid,  Gi«  H«  +  0« ;  and  the  substitution  in  pntalic 

acid  of  N0«  (  =  X),  for  H  yields  nitrophtalic  acid,  Ci «  j  ^' 

+0«. 

fi,  Anthracme^CiolSLia.  This  compound,  which  is  polyn^eric 
with  naphtiialine,  Ib  also  found  in  coal-tar,  and  is  sometimes 
called  paranaphthaline.  It  melts  at  356®,  and  distils  at  39S«, 
yielding  foliated  plates.  When  acted  on  by  nitric  acid,  it  gives 
rise  to  a  series  of  compounds,  in  which  oxygen  is  substituted 
for  hydrogen,  while  the  compounds  thus  formed  combine  with 
hyponitrous  add.    Thus,  we  have 

Anthnusene        ....  Gso  Hia 

'    Hyponitrite  of  Anthxttcenaae        .  CtoHnO  -f-  NOt 

Bi-hyponitrite  of  Anthnoeneae    .  C«o  H 1  o  0«  •(-  2N  0< 

Ter-hyponitrite  of  Anthneenite   .  C«o  H0    Os  +  3NO«-l-3HO 

Hyponitrite  of  Anthnoenow        .  Cso  H«    O4+   N0« 

Hyponitriteof  Anthnceniue        .  Cso  Ht    0«-f  NGs-l-HO      • 

Anthnceniue     ....  Cso  Ht    Oc 

Chlotuithnceneae      .        •        •  C«6  Hio  Cls 

The  second  compound  of  the  above  list  is  not  known ;  but 
its  existence  is  probable.  In  all  the  works  to  which  I  have 
access,  there  apnear  to  be  errors,  probably  of  the  press,  in  the 
table,  which  I  nave  ventured  to  correct,  so  as  to  bring  the 
fonnul»  into  correspondence  with  the  systematic  names  devised 
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by  Laurent,  who  discoTered  all  these  rabstanoes,  on  the  same 
princi^e  as  in  the  case  of  na|)hthaline. 

7.  Ghfysme,  Ca  H  or  Ci  t  H«,  is  found  among  the  last  jDor- 
tions  of  Uie  rectification  of  coal-tar.  It  is  a  yeUow  ciTstaDine 
■olid,  insoluble  in  most  liqpids.    It  melts  at  455 <>. 

8.  Pyrene,  Ci  o  Ht  or  Ci  •  Ha,  is  fonnd  accompanying  the 
preceding.  It  is  a  good  deal  more  fusible.  When  acted  on  by 
lutric  acid  both  of  the  aboye  compounds  yield  modifications, 
called,  by  Laurent,  the  hyponitrites  of  chrysenase  and  of  pyre- 
Dase.  Ci  >  Ha  0  +  N0«  and  C>  <  H,  0  +  NOa.  The  former, 
by  tne  continued  action  of  nitric  acid,  is  converted  into  Cs « 
Hs  O3  -h  2  NOa,  which  Laurent  caUs  nitrite  of  ckfyamete 
(properly,  of  ehfytmaege  ?) 

When  oitnminous  shale  is  distilled,  it  jrields  a  thick  empy- 
reumatic  oil,  composed  of  seyeral  products.  Among  these  is 
an  oil  apparently  identical  with  eupion,  and  anouier  yery 
peculiar  oil,  called  <mpeline.  This  oil  has  neither  taste  nor 
smell,  but  is  in  some  points  more  analogous  to  creosote  than  to 
any  other  substance.  It  dissolves  in  water,  but  a  few  drops  of 
acid  cause  it  to  separate.  Its  composition  is  still  unknown.  It 
may  possibly  be  a  product  of  the  action  of  oil  of  vitriol,  which 
is  used  in  its  preparation,  on  some  other  substance. 

Ampelic  Acid  is  formed  by  the  action  of  nitric  acid  on  that 
part  of  the  oil  of  schist  which  distils  at  300^.  It  is  oily, 
soluble  in  hot  water,  and  forms  veiy  soluble  salts.  Its  com- 
position is  not  known  with  certainty.  A  similar  oil,  obtained 
nom  coal-tar,  was  found  to  contain  Ci «  H«  0«.  This  would 
be  isomeric  with  hydrated  salicylic  acid. 

FOSSIL  RBSINS,  WAX,  OIL,  NAPHTHA,  &C. 

Retinite  or  Retifuuphalt  is  a  fossil  resin  found  in  lignite  or 
wood-owl.  It  is  fusible  and  combustible,  and  almost  entirely 
soluble  in  alcohol.  Roinie  acid,  Gt  1  HsOa,  was  fonnd  by 
Johnston  in  the  retinasphalt  of  Bovey. 

Hatckaine  is  another  fossil  resin  found  in  the  lignites  of 
Wales.  It  i^colourless,  or  slightly  yellow,  fusible  and  volatile. 

Seheerente  is  a  colourless,  translucent  substance,  of  a  pearly 
Instre,  found  in  the  Swiss  lignites.  Both  Hatchetine  and 
Scheererite  appear  to  be  carhohydrogens,  and  much  resemble 
paraffine.  not  quite  pure. 

Middietonite  is  a  fossil  resin,  found,  near  Leeds,  in  coal. 

Idrudine  is  a  remarkable  solid  carbohydrogen,  found  in  the 
quicksilver-mines  of  Idria.  Its  composition  is  Ca  H,  or  per- 
haps €•!  Hr  ;  it  colours  oil  of  vitriol  intensely  blue,  forming 
a  coupled  add.  Suocisterene,  a  solid  body  obtained  by  Pelletier 
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and  WalUr  in  tke  distillstion  of  amber,  haa  tha  aame  eompon- 
tion,  and  oolonn  sulphnric  add  bine.  It  ia,  tberafore,  ia  all 
probability,  identical  with  idrialine. 

(hoketiie  or  Faml  Waa  \a  found  in  larse  maasea  in  tbe 
bitominons  sebiat  of  Slamick  in  Moldavia.  W  hen  diatilled,  it 
yielda  a  snbatance  like  wax,  and  alao  a  good  deal  of  paraffina 
Osokerite  is  yery  fusible,  and  burns  with  a  bright  flame. 

FkhUliie  is  a  fosible,  volatile,  ciyatalliaable  solid,  found  in 
branches  of  pine-trees,  in  the  peat  of  the  turbaries  in  the  Fieb- 
telgebiige.  It  imears  to  have  the  formula  Cto  His,  and  ia 
probdbly  derived  from  essence  of  turpentine,  Ct  o  Hi  a. 

Teioi^ney  Phg^Uortiku,  Jfyloretine,  KodBohreHne,  are  the 
names  of  four  resinous  compounds,  found  in  the  peat  of  Den« 
marie,  on  the  remains  of  pine-trees.  Tekoretme  and  Pl^Dore- 
tine  are  both  fusible,  volatile,  and  crystalliaable.  The  Ibrmer 
•I^pean  to  be  Cio  U»,  the  latter  Cs  Ha.  Xyloretiae  ia  leaa 
fusible,  and  ia  decomposed  by  heat  It  cmtallins,  and  its 
formulais  said  to  be  C40  Has  O4,  which  onfy  differs  from  that 
of  sylvic  add  by^  1  ea.  hydrogen.    Boloretine  is  fusible,  but 


does  not  crystaDiae.  tto  fonnuhk  is  G«o  Hst  -h  3  HO,  but  it 
oeeun  alao  with  6  and  6  eq.  of  water. 

AsphaUumy  Mineral  PUekf  PUeh  tfJudea.  These  ai^  the 
names  of  certain  substances  of  nmilar  diaractets,  found  in 
different  parts  of  the  worid,  as  in  Trinidad,  in  Hanover,  and  at 
the  Dead  Sea  in  Palestine.  They  all  resemble  nitch  in  ftspect, 
and  are  composed  of  a  dark-brown  resin,  mixed  with  move  or 
less  of  abrilUant  Uack  matter,  luphaUene,  Ct*  Hi  a  Oa,  or  of  a 
liquid  volatile  oil,  petrdme,  C 1 0  H 1  a .  The  former  of  these  is 
probably  an  oxide  of  the  latter.  The  different  kinds  of 
asphaltum  are  much  used  for  waterproof  cements,  and  for 
pavements,  or  roofs.  NapkUme  is  a  somewhat  anal<^aB 
substance,  found  in  the  limestones  of  the  Maine  et  Ixnre. 

Petroleum  and  Nofihtka,  In  certain  spots,  in  the  neighbour- 
hood of  the  Caspian,  in  Ava,  at  the  T^gensee  in  Bavaria,  at 
Amiano  in  Italy,  and  near  Neufchatd,  as  well  as  in  odier  places, 
pits  dug  in  the  earth  become  filled  with  water,  on  arbich  floats, 
more  or  less  abundantly,  an  oilv  matter,  formeriy  called  rock-oil. 
The  purer  kinds  are  little  coloured  and  very  fluid,  and  when 
distilled  with  water,  leave  hardly  any  reddue.  These  are  called 
naphtha.  Other  kinds,  as  the  Detroleum  of  Rangom  in  Ava,  an 
dark-coloured  and  semi-soluL  but  become  liquid  at  80^  or  90*. 
These  yield  by  distillation,  first,  much  naphtha,  nearly  colour- 
less, and  then  mudi  paraffine,  which  ia  eadly  purified.  Naphtha, 
when  pure,  has  the  Sp.  O.  0*765,  and  its  lormula  is  Cfa  Ha. 
Rectified   m^tha  is  used   for  the  puipoaa  of  preserving 
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potasanin  jmd  aodinm,  mrbieh  Imvo  iko  fteti<»i  on  it  if  water  be 
not  preeent.  In  manj  places  the  natiye  naphtha  is  used  to 
givelight. 

Reiimenbach  found  that  coal,  distilled  with  water,  yielded  a 
little  of  an  oil  very  similar  to  petroleum. 

All  the  above  sabstances  are  formed  by  the  decay  or  destmc- 
tion  of  organic  matter,  chiefly  wood.  It  is  not  aJtogether 
improbable  that  those  kmds  which,  like  the  Rangoon  petroleumy 
contain  paraffine  ready  formed,  may  have  been  formed  by  the 
action  of  heat  on  beds  of  vegetable  remains,  situated  pretty 
deep  in  the  crust  of  the  earth. 

Sooi  and  Lamp-hlaek  are  prodaeed  by  the  imperfect  oom- 
biution  of  organic  matters.  They  contain  mndi  carbon,  mixed, 
in  soot,  with  an  acid  resinous  matter,  and  with  a  substance  ana- 
logous to  humus^  bat  containing  nitro^n,  and  called  aUoHne. 
LtnqHblaek,  besides  a  little  resin  and  oily  matter,  often  contains 
naphthaline,  which  may  be  extracted  by  alc(^ol. 

SULPHUaiSBD  AND  NUTRITIOUS  ANIMAL  AND  VXOSTAnLB  PRINOIFKBB. 
ALBUMINOUS  SUBSTANCES. 

We  have  already  seen  that  some  essential  oils  contain  alaige 
proportion  of  sulphsr,  and  it  is  probable  that  these  oils  are 
derived  from  the  decomposition  of  compounds  existing  in  the 
plants  which  contain  mu^  sulphur,  but  the  true  nature  of  which 
IS  not  yet  known.  But  while  such  compounds  only  occur  in  a 
Ibw  plants,  thnre  is  another  class  of  rolphurised  compounds 
whicn  occur  in  all  plants  without  exception.  These  compounds 
contain  nitrogen  and  oi^en,  both  in  considerable  proportion  to 
the  carbon  and  hydrcwen,  and  a  small  proportion  of  sulphur. 
They  are  all  solid,  and  when  heated  yield  products  contaming 
ammonia  and  sulphur.  They  have  neither  a  medicinal  nor  a 
pobonous  action  on  the  animal  system,  bat  are  nutritious  in  the 
strict  sense  of  the  word. 

Such  are  veffetable  albumen,  vegetable  fibrine,  and  vegetable 
caseine,  as  weU  as  animal  aJbumen,  animal  fibnne,  and  animal 
caseine.  Thejatter,  when  compared  with  the  former  respectively, 
are  found  to  differ  from  them  only  in  form,  agreeing  vnth  them 
in  all  essential  chemical  chaiacters.  Eveiy  one  of  the  six  dis- 
solves in  strone  hydrochloric  acid,  gently  warmed,  with  a  purple 
colour;  and  all  of  them  likewise  dissolve  in  caostic  potash, 
fonning  a  solution  whidi,  according  to  Mulder,  yields  after 
boilii^,  on  the  addition  of  acetic  acid,  a  selatinous  precipitate 
containing  no  sulphur,  while  sulphuretted  hydrogen  gas  is  dis- 
engaged. Mulder  named  this  precipitate  Proteine,  believing  it 
to  08  the  fundamental  compound  in  the  albuminous  substances, 
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in  each  of  which  it  waa  comlniied  with  different  anull  pn^r- 
tions  of  sulphur,  phosphornsy  and  salts.  The  following  table 
will  explain  his  views,  proteinei  according  to  his  analysiB^ 
being  C«o  Ha  i  N«  Ox  t  =  Pr. 

Cryitalline  humoor  contains  1 5  eq.  Proteine  + 1  eq.  Sulphor 

Caieine  „       10  „        „       +1„      „ 

Vegetable  Oektine      „       lO,,         „       +^  n      n 

Albumen  of  Egga        »       l^n        »       +1»      »       + 1  eq.  Phoephons 

Fibiine  »      10  »        9>      +1»      f%       +1»  n 

Albamen  of  Blood       ^      10  „        »       +2„      ^       +1„  „ 

In  this  table  the  salts  are  omitted. 

Mulder's  view,  according  to  which  the  albuminous  substances 
are  all  comi>ounds  of  prot^e^has  been  generally  adopted,  and 
is  at  first  sight  very  attractive,  as  it  not  only  accounts  for 
the  close  agreement  in  composition  and  properties  among  the 
albuminous  bodies,  but  also  enables  us  to  peroeiYe  how  they 
may  pass  into  each  other. 

But  on  a  closer  inspection,  several  things  appear  unfavourable 
to  the  theoiy  of  proteine.  In  the  first  place :  m  the  above  table, 
the  albumen  of  egp;s  contains  less  sulphur  than  that  of  blood, 
whereas,  in  fact,  it  contains  more.  Secondly :  in  the  table, 
albumen  of  eggs  and  fibrine  have  the  same  formula,  yet  their 
properties  are  totally  distinct;  while  the  proteine  theonr  pro- 
iesses  to  explain  difference  of  properties  by  difference  of  com- 
position. Thirdly:  recent  analyses,  according  to  the  most 
accurate  methods,  have  proved  that  Uiese -bodies  contain  three 
or  four  times  as  much  sulphur  as  is  assumed  in  Muldei's  for- 
mulie.  Fourthly:  it  has  been  found  impossible  to  obtain  a 
proteine  free  from  sulphur ;  for  if  the  operation  be  conUnoed 
as  long  as  sulphur  is  lound  in  the  precipitate,  the  result  is  that 
at  last  no  precipitate  at  all  will  be  obtained.  As  long  as  acetic 
acid  causes  a  precipitate,  that  precipitate  contains  sulphur. 
Fifthly :  the  presence  of  phosphorus  m  any  other  form  than 
that  of  phospnates,  in  albuminous  substances,  has  in  no  wav 
been  establuned,  and  seems  in  the  highest  degree  doubtful 
Lastlv :  the  best  analyses  we  have  render  it  vexy  questionable 
whether,  in  reference  to  the  carbon,  hydrogen,  mtrogen,  and 
oxygen,  the  albuminous  bodies  agree  so  closely  as  is  supposed 
on  the  theoiy  of  Mulder. 

Since,  then,  the  existence  of  proteine  has  not  been  demon- 
strated, there  appears  no  good  reason  for  adopting  the  proteine 
theory ;  and  we  shall  therefore  describe  the  albuminous  bodies 
without  further  reference  to  it 

1.  Vegetokh  AHmmen  has  only  been  studied  as  yet  in  the 
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ooagulated  or  insoluble  state.  It  occars,  however,  dissolTed,  or 
in  the  solnble  form,  in  vegetables,  and  especially  in  the  oily 
seeds,  along  with  caseine.  It  is  alwa^  combined  with  alkali, 
to  which  it  owes  its  solnbilit^.  Its  distingoishing  character  is 
that  of  coagnlating  or  becoming  insolnble  when  heated  to  from 
140°  to  160°.  Once  coagulated  it  no  longer  dissolves,  even  in 
the  liquid  in  which  it  was  fonnerly  qjuite  dissolved.  When  a 
fresh  vegetable  juice  is  filtered  and  boiled,  it  yields  a  coagnlum, 
which  is  nearly  pure  albumen.  Its  solutions  are  also  coagulated 
by  acids,  by  ininsion  of  galls,  by  creosote,  and  by  corrosive 
sublimate.  When  dried,  it  is  translucent.  In  all  these  cha- 
racters it  agrees  with  animal  albumen.  Its  composition,  so 
iiEur  as  it  has  been  ascertained,  Ib  the  same  as  that  of  animal 
albumen ;  but  the  true  formula,  even  of  the  latter,  is  unknown. 
We  shall  therefore  state,  under  AmoMl  AUmmm,  what  is  the 
result  of  the  best  analyses. 

2.  Vegetable  Fibrine  is  the  essential  part  of  what  is  called 
the  ghUen  of  wheat.  It  is  chiefly  found  in  the  seeds  of  the 
cer^Jia.  When  wheat,  softened  in  water,  Ib  kneaded  under 
water  in  linen  bags  to  obtain  the  starch,  and  the  residuary 
masses  are  beat  up  with  rods,  the  pure  fibrine  adheres  in  elastic, 
transparent  filaments  to  the  rods.  These,  after  being  treated 
by  etner,  to  remove  fat  oil,  are  pure  fibrine.  When  dried,  it 
becomes  greyish  and  translucent,  like  horn.  When  heated,  it 
yields  the  usual  products  of  animal  matters;  and  when  left  to 
itself  in  the  moist  state,  it  putrefies,  disengaging  fetid  gases. 
It  Ib  quite  insoluble'  in  water.  Diluted  phosphoric  and  acetic 
acids  dissolve  it  easily:  these  solutions  are  precipitated  by 
ferrocyanide  of  potassium,  and  by  infusion  of  galls.  Diluted 
potash  also  dissolves  it ;  and  this  solution,  when  neutralised  by 
phosphoric  or  acetic  acid,  yields  a  precipitate  which  dissolves 
in  an  excess  of  either  of  these  ados.  For  the  composition  of 
fibrine,  see  Animal  FiMne. 

3.  Vegetable  Gaseine,  Stn.  LMuminef  is  an  essential  part  of 
the  seeds  of  the  leguminoes,  and  also  of  the  oihr  seeds.  It  Ib 
only  known  in  combination  with  acids  and  with  alkalies.  To 
obtain  it,  kidney-beans,  lentils,  or  pease,  are  softened  in  water, 
then  brajed  in  a  mortar,  the  pulp  mixed  with  much  cold  water, 
and  stramed  through  a  nne  sieve,  which  retains  the  husks,  and 
allows  the  caseine  and  starch  to  pass,  the  former  dissolved,  the 
latter  suspended.  On  standing,  the  starch  settles  to  the  bottom, 
leaving  a  solution  of  caseine,  which  may  be  decanted.  It  is 
sometimes  mOl^  if  much  oil  be  present,  sometimes  dear. 
When  exposed  to  the  air,  it  quickly  becomes  acid,  lactic  acid 
being  formed,and  coagulates  eiuu^y  as  skimmed  milk  does  when 


586  FERMENTATION  OF  YEeETABLX  JUICES. 

it  beoomei  lonr.  The  oolntioii  of  caseine  does  not  ooagalate  by 
heat,  bat,  like  milk,  fonns  a  pellicle  which  it  renewed  as  fut  ai 
it  is  lemoYed.  It  is  coagulated  by  the  addition  of  an  acid,  and 
the  coagulum  dissolves  in  an  excess  of  all  vegetable  acids,  exoe|it 
acetic  acid,  which  prodnces  a  pennanent  precipitate,  as  do  the 
nuneral  acids.  This  precipitate  is  well  washed  with  cold  water, 
alcohol,  and  ether,  dissolved  in  hot  water  with  a  little  ammonia, 
and  this  solution  is  precipitated  by  alcohol.  It  still  omtains 
ammonia,  but  ia  otherwise  nearly  pore. 

In  this  state  it  is  like  paste  of  starch,  and  when  dried  it  is 
nearly  transparent,  and  liquefies  when  heated.  In  water  it 
softens,  and  this  paste  is  coagulated  by  acids,  corrosive  subli- 
mate, infusion  of  galls,  and  creosote.  Caseine  is  very  soluble 
in  tartaric  and  oxalic  acids,  also  in  caustic  and  carbonated 
alkalies  if  diluted.  The  coagula,  or  precipitates  formed  by 
mineral  acids  in  solutions  of  caseine,  are  compounds  of  caseine 
with  the  acid :  the^  are  soluble  in  strong  adds.  For  the 
composition  of  caseine,  the  reader  is  referred  to  Animal 
Caskne, 

4.  JBtmMne,  or  tS^^napUue,  is  the  name  given  to  a  peculiar 
compound  of  this  class,  found  in  certain  oily  seeds,  as  in 
almonds,  &c.  An  emulsion  of  these  seeds  is  very  like  milk. 
On  standing,  the  oil  rises,  like  cream,  to  the  top,  and  the 
watery  liquid  is  now  coagulated  by  acetic  acid,  as  nulk  would 
be.  It  coagulates  also  by  boiling ;  and  in  this  case,  the  whey, 
separated  from  the  coaculum,  again  coagulates  on  standing 
twenty-four  hours,  and  is  found  to  contain  lactic  acid.  The 
emulsme  agrees  with  albumen,  in  being  coagulated  by  heat, 
and  with  caseine  in  being  coagulated  by  acetic  add.  It  exerts 
a  peculiar  decomposing  agency  on  amygdaline,  in  which  it  is 
also  itself  decomposed. 

FungiM  is  the  substance  of  which  mushrooms  are  chiefly  com- 
posed.   Its  true  nature  is  uncertain,  but  it  contains  nitrogen. 

GUadine  is  the  name  given  to  the  viscid  ingredient  of  gluten. 
It  contains  sulphur,  and  approaches  in  composition  to  vegetaUe 
albumen.    It  is  probably  a  mixture. 

When  a  vegetable  juice,  containing  one  or  more  of  these 
compounds  along  with  sugar,  is  exposed  to  the  air,  oxygen  is 
absorbed,  and  a  change  is  commenced  in  the  albumen,  fibrine, 
caseine,  gluten,  &c.,  which  is  soon  communicated  to  the  sugar, 
causing  it  to  undergo  the  vinous  fermentation.  The  temperature 
rises,  and  occasionally  the  viscous  fermentation  takes  place, 
producing  lactic  acid,  gum,  and  mannite.  During  fermentation, 
a  grey  deposit  is  formed ;  this  is  veast  or  ferment  When  the 
whole  of  the  aaotised  principles  have  not  been  deeompoeed  or 
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rendered  insoluble,  the  liquid,  if  excluded  from  air,  lemaint 
withont  farther  change :  hot  if  air  be  admitted,  the  alcohol  i« 
concerted  into  acetic  acid,  oxygen  being  absorbed  by  the  azotised 
matters,  the  contact  of  which  cansea  the  alcohol  also  to  absorb 
oxygen.  When  the  snffar  is  in  excess,  only  part  of  it  is  con- 
verted into  alcohol,  and  part  of  the  azotised  matter  takes  the 
form  of  insoluble  yeast,  the  rest  being  decomposed.  The  sac- 
charine and  spirituous  liquid  undeigoes  no  further  alteration. 
All  the  above  statements  apply  to  the  juice  of  the  grape  and  to 
the  formation  of  wines  and  vinegar. 

When  the  juice,  as  that  of  the  grape,  contains  tartaric  add, 
ethers  are  formed,  which  give  the  liquid  a  peculiar  smell  and 
flavour,  such  as  (snanthic  ether,  which  is  characteristic  of  all 
wines.  When  a  juice  contains  sugar  and  caseine,  it  is  most  apt 
to  undergo  the  viscous  fermentation,  or,  at  least,  the  caseine 
&y<mr8  the  production  of  lactic  acid  from  the  sugar.  But  at  a 
high  temperature,  such  as  100",  butyric  acid  is  formed,  instead 
of  lactic  acid. 

Vegetable  fibrine,  as  it  is  found  in  wheat  flour,  is  subject  to 
continual  alteration  by  contact  with  water;  and  in  this  state  it 
has  the  singular  property  of  converting  starch  into  dextrine,  a 
soluble  gum,  and  then  into  sugar.  This  remarkable  power  is 
best  seen  in  germinating  grain,  as  in  malt,  of  which  a  small 
part  mixed  with  a  large  quantity  of  starch  in  a  thick  paste,  and 
warmed  to  150**  or  l^**.  very  soon  renders  the  whole  quite  fluid 
and  dissolved,  and  finally  converts  it  into  ffrape  sugar.  That 
part  of  the  fibrine  which  acts  on  the  starch  has  become  soluble 
m  water.    It  is  called  diaskue. 

Diastase  is  made  by  rubbing  up  malt  with  a  little  water,  ex- 
pressing the  mixture,  adding  just  enough  alcohol  to  separate 
the  albumen,  and  to  allow  the  liquid  to  filter.  The  filtered 
liquid,  mixed  with  more  alcohol,  deposits  the  diastase.  It  is 
purified  by  being  repeatedly  dissolved  in  water  and  precipi- 
tated by  alcohoL  It  is  finally  dried  at  a  temperature  of  lOO"" 
or  110<*.  Thus  prepared,  diastase  cannot  be  a  pure  compound, 
but  it  possesses  in  a  high  degree  the  power  of  promoting  the 
solution  of  starch,  that  is,  its  conversion  into  dextrine  and 
sugar.  One  part  of  diastase  can  convert  into  dextrine,  with  a 
liUle  sugar,  no  less  than  2000  parts  of  starch.  Diastase  is 
evidently  fibrine  altered,  and  still  more  prone  to  change.  Its 
solution  cannot  be  kept,  it  becomes  acid,  and  loses  its  action 
on  starch. 

MaU  is  made  by  softening  bailey  in  water,  and  then  ex- 
posing it  to  the  air  in  moderately  thick  layers,  at  a  moderate 
tempeisture,  turning  it  freqnenUy.  In  about  four  days  the 
qq2 
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seeds  germinate,  if  they  have  not  been  allowed  to  become  too 
hot,  and  if  the  air  has  had  iree  access.  As  soon  as  the  genu 
has  ac<|aired  the  len^  of  the  seed,  the  operation  is  checked 
by  drymg  the  seeds  m  a  current  of  warm  air.  They  now  con- 
stitute malt  In  this  operation,  much  carbonic  acid  is  giyen 
off,  oxygen  being  no  doubt  absorbed ;  the  azotised  matter  in 
the  seeds  has  undergone  a  change,  and  has  acquired  the  pro- 
perties of  diastase ;  and  the  starch  has  in  part  disappeared,  its 
place  beinx  supplied  by  grape  sugar  and  dextrine. 

When  tne  malt  is  infused  in  warm  water,  the  metamorphosis 
of  the  starch  is  completed,  and  the  whole  dextrine  passes  into 
sugar,  which  dissolves,  along  with  extractive  matter  and  salts. 
The  solution  is  called  hhmI.  When  suffidenU^  concentrated, 
hops  and  yeast  are  added,  and  fermentation  being  carried  on, 
the  result  is  beer  or  ale,  according  to  the  strength  of  the  must. 
When  the  malt  has  been  in  put  roasted,  the  beer  beoomee 
veiy  dark-coloured,  as  in  the  case  of  verier. 

To  obtain  grain  spirit,  the  meal,  either  of  barley,  oats,  or  rye, 
or  a  mixture,  is  digested  in  warm  water  along  with  1  part  of 
malt  for  4  of  meal,  till  the  mass,  at  first  thick,  becomes  fluid, 
a  proof  that  all  the  starch  has  been  metamorphosed.  Yeast  is 
then  added,  and,  after  fermentation,  the  must  or  tDcrt  as  it  is 
called,  is  distilled  and  rectified.  Potato  spirit  is  obtained  in 
the  same  way,  only  using  potato  starch,  instead  of  barley  meal 
or  lye  flour. 

Many  other  vegetable  matters,  and  many  fruits,  may  be  made 
to  yiela  spirit,  malt  or  diastase  being  used  in  all  cases  where 
starch  is  to  be  converted  into  sugar. 

Potato  spirit  is  accompanied  by  the  hydrated  oxide  of  amyle, 
or  oil  of  potato  spirit :  grain  spirit  by  an  oily  matter,  conmst- 
ing  chiefly  of  mazgaric  and  oenanthic  acids,  probably  in  part  as 
margaric  and  oenanthic  ether,  and  of  a  volatile  ou,  called  by 
Mulder  oUum  ntieum,  that  is,  oil  of  grain.  Wine  spirit,  that 
is,  bragicfy,  contains  oenanthic  ether,  and  the  spirit  of  molanes, 
or  rum,  owes  its  flavour  to  butyric  ether.  The  oils  which  con- 
taminate potato  and  grain  spirit  are  offensive  and  even  injurious 
to  health :  they  are  included  by  the  Germans  under  the  general 
term  Fueeloel. 

PamfieaHon,  l^ead  may  be  made  from  any  flour  contain- 
ing, as  all  good  flour  does,  vegetable  fibrine,  sugar,  and  starch. 
The  flour  being  made  into  a  paste  with  warm  water,  and  yeast 
being  added,  it  is  set  aside  in  a  warm  place.  After  a  time,  more 
flour  is  kneaded  into  the  mass,  whichhas  begun  to  rise,  and  the 
whole  is  now  heated  in  the  oven,  or  baked.  The  yeast  induces 
the  vinous  fermentation  in  the  sugpu:  of  the  floor^  and  the  alcohol 
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and  caibonic  acid  escaping,  raise  the  bread  and  lender  it  porons. 
The  starch  in  general  is  little  changed,  bnt  the  sugar  disappears, 
as  well  as  a  part  of  the  glnten  or  fibrine.  To  avoid  this  loss, 
bread  is  now  raised  by  means  of  carbonate  of  soda  or  ammonia 
and  a  dilnted  acid,  which  are  added  to  the  dongh,  and  the  effect 
is  perfectly  satisfactory.  Eanally  flood  or  better  bread  is  ob- 
tained, and  the  quantity  of  nonr  which  will  jrield  1500  loayes 
by  fermentation,  fiomiijuies  1600  by  the  new  method,  the  sn^ 
and  fibrine  being  saved.  The  addition  of  a  little  alnm  to  Uie 
doQgh  is  nsefal  in  arresting  that  decomposition  in  the  flour 
which  is  apt  to  occur  if  it  nave  been  kept  in  a  moist  place. 
Too  much  alum  cannot  be  introduced,  as  it  would  prevent  the 
fermentation. 

The  nutritive  properties  (using  the  word  in  its  strict  sense) 
of  different  kinds  of  flour  or  meal  are  directly  proportional  to 
the  fibrine  or  albumen  they  contain  ;  because  it  is  these  sub- 
stances alone  which  can  be  converted  into  blood  or  flesh. 
Hence  a  working  man  requires  more  oat  bread  than  wheat 
bread  to  restore  the  daily  waste  of  the  body,  oatmeal  containing 
rather  less  fibrine,  &c.  than  wheat  flour.  The  starch  is  con- 
sumed in  the  body,  up  to  a  certain  point,  but  beyond  this  it 
is  dischai^ed  in  the  excrements.  We  shall  see  hereafter  what 
its  function  probably  is.  Even  the  best  wheat  flour  contains 
more  starch  tnan  is  consumed ;  and  the  excess  is  greater  in  other 
grains. 

In  germination,  the  azotised  principles  of  the  seeds  become 
soluble  and  prone  to  further  change.  When  now  dissolved, 
they  are  in  tne  same  state  as  those  of  the  j;rape  juice  which 
at  once  cause  fermentation  when  air  is  admitted.  Diastase  is 
merely  gluten,  that  is,  fibrine,  in  this  soluble  form  or  period  of 


ben  left  in  water,  gluten  swells,  putrefies,  and  disengages 
carbonic  acid,  hydrogen,  and  sulphuretted  hydrogen  gases  :  it 
then  becomes  fluid  and  ropy,  the  water  becomes  very  acid,  and 
contains  a  peculiar  compound  called  caseous  oxide,  wiUi  ace- 
tate, phosphate,  and  caseate  of  ammonia.  When  vegetable 
caseine  putrefies,  it  gives  out  the  odour  of  putrid  cheese,  and 
yields  sulphuretted  hydrogen  gas. 

JFVrBMfi^,  Teagt,  Lees  qf  Wine.  These  are  names  g^ven  to 
the  deposit  formed  in  fermenting  liquids,  which  possess  the  pro- 
party  of  exciting  fermentation  in  must,  wort,  grape  juice,  infa- 
aion  of  malt,  or  solution  of  sugar.  When  solution  of  sugar  is 
employed  in  excess,  the  ferment  graduaUy  diminishes,  till  about 
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16  per  cent,  are  left,  of  a  snbBtance  containiBg  no  nitrogen,  and 
insolable.  This  is  ceUulMCy  or  hardeine.  On  the  other  hand, 
in  grape  jnice,  or  infusion  of  malt,  the  fennent  is  reproduced 
from  tne  azotised  principles  present 

Mnlder  and  Schloesbeiger  haye  shown  that  ferment  is  com- 
posed of  regular  cells,  formed  of  cellulose,  and  containing  an 
azotised  matter,  very  easily  decomposed,  which  is  an  albuminous 
compound.  This  body  n^idly  decomposes  the  deutoxide  and 
persulphuret  of  hydrogen,  but  loses  this  property  after  it  has 
been  heated  to  212<>.  Mulder  thinks  that,  after  Iwiling,  it  is  a 
superoxide  of  proteine. 

The  power  of  yeast  or  ferment  to  act  on  sugar  is  destroyed  by 
boiling  water,  by  absolute  alcohol,  by  pyroligneous  acid,  salts  of 
mercury,  essential  oils,  sulphurous  acid,  &c. 

Ctueous  OxidBy  Came  Acid,  or  Aootepidine,  are  names  given 
to  the  crystalline  compound  formea  during  the  putre&ction  of 
gluten  under  water,  it  contains  nitrosen,  but  its  fonnnla  is 
unknown.    It  is  soluble  in  water,  insoluble  in  alcohoL 

We  now  proceed  to  the  consideration  of  the  parallel  com- 
pounds, animal  dtbummyfibniM^  and  eateine. 

6.  Animal  AUmmen  is  hardly  known  in  a  state  of  purity. 
The  purest  appears  to  be  that  prepared  by  exactly  neutralising 
serum  of  blood  or  white  of  egg  with  acetic  add,  and  adding  a  large 
quantity  of  water.  The  albumen  separates  in  translucent  floccu- 
lent  masses,  which,  when  washed  with  water,  assume  the  aspect 
of  paste.  (Denis.)  Albumen  is  best  known  in  the  form  of  the 
serum  of  the  blood  and  that  of  white  of  egf. 

Serum  of  blood,  dried  in  a  Tory  gentleneat,  leaves  a  tranalu- 
oent  mass,  which  dissolves  completely  by  digestion  with  water. 
Both  in  this  form,  and  in  the  precemn^,  it  dissolves  far  more 
easily  in  the  most  diluted  ^kalme  solutions. 

White  of  egg  consists  of  very  delicate  ceUs,  filled  with  a  ropy 
liquid.  By  beating  with  water,  the  cells  are  broken,  and  are 
afterwards  deposited,  being  insoluble.  Dried  at  a  sentle  heat, 
white  of  egg  is  yellow,  truislucent,  and  brittle.  In  water  it 
again  softens  into  its  original  state.  When  calcined,  it  leaves 
6  or  7  per  cent,  of  salts,  common  salt,  carbonate,  phosphate,  and 
sulphate  of  soda,  and  phosphate  of  lime. 

The  action  of  heat  on  albumen  is  remarkable.  When  heated 
alone,  or  after  dilution  with  water,  to  between  145  <>  and  165<*,  it 
coagulates  into  the  well-known  white  elastic  mass,  which,  when 
dried,  becomes  yellow^  homy,  and  brittle.  It  is  now  qoite  inso- 
luble in  water;  but  if,  after  being  coagulated  and  driad,  it  is 
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placed  in  water,  it  awella  ap  into  the  original  elaatic  maas  of 
coaffolated  albumen. 

Tlie  albomen  prepared  by  the  process  of  Denis  dissolvea 
readily  not  only  in  acids  and  alkalies,  bat  also  in  nentral  salts, 
such  as  nitnite  or  sulphate  of  potash  or  soda.  It  is  owin^  to  the 
presence  of  such  salts  in  serum  and  white  of  egg  that  their  albu- 
men is  soluble  in  water.  When  the  pure  albumen  of  Denis  is 
dissolved  in  solution  of  nitre,  it  is  coagulated  by  boiling,  exactly 
like  serum. 

Solutions  of  albumen  are  coagulated  by  acids ;  the  addition  of 
free  alkalies  prevents  even  the  action  of  heat.  Serum  and  white 
^^  ^SS*  when  mixed  with  water,  being  both  alkaline,  may  be 
neutndised  carefully  by  acids,  without  coagulation.  Acid  solu- 
tions of  albumen  are  precipitated  by  corrosive  sublimate  and 
feirocyanide  of  potassium,  by  infusion  of  galls,  by  creosote,  and 
by  alcohol.  The  real  difference  between  soluble  and  insoluble 
or  coagulated  albumen  is  not  ^et  known. 

Wh^  albumen  putrefies,  it  yields  sulphuret  of  ammonium, 
sulphuretted  hydrogen,  and  other  products.  When  heated,  it 
bums  with  the  odour  of  burnt  horn  or  animal  matter. 

The  composition  of  albumen  is  not  yet  ascertained  with  suffi* 
cient  precision  to  enable  us  to  deduce  its  formula  from  the 
analysis  alone.  The  following  table  certains  a  few  of  the  best 
anal3rse8  of  the  albumen  of  eggs : — 

Yerdaa. 


Mnldo*. 

SchMiw. 

Baling. 

Carbon 

.    54-086 

55-000 

51-91 

.Hydrogen 

.    .      7-100 

7078 

7-15 

Nitrogen      . 

.    15-650 

15-920 

Oxygen  . 

.    .    22-157 

■ 

Phosphoras . 

.    00-330 

'  22-007 

Snlphnr  . 

.    .    00-667 

. 

1-717 

2-164        2*054 

A  glance  at  these  numbers  is  sufBicient  to  show  that  the  agree- 
ment IS  not  such  as  to  enable  us  to  fix  a  formula,  and  more  espe- 
cially such  a  formula  as  that  of  Mulder,  containing  10  eq.  of 
proteine,  that  is,  400  eqs.  of  carbon,  310  of  hydrogen,  50  of 
nitrogen,  and  120  of  oxygen.  A  very  trifling  variation  in  the 
carbon,  for  example,  makes  a  difference  of  20,  30,  or  more  atoms 
in  the  deduced  formula,  and  the  above  analyses  exhibit  a  varia- 
tion of  3  p§r  cent,  in  the  carbon.  Agun,  the  sulphur  in  the 
analyses  of  Ruling  and  Yerdeil  amounts  to  more  iJian  3  times 
the  quantity  obtamed  by  Mulder,  who  admits  1  eq.  of  sulphur 
in  e^-albumen.  The  presence  of  phosphorus,  as  admitted  by 
Mulder,  has  not  been  proved  ;  and  lastly,  the  most  recent  anar 
lyses  indicate  from  16  to  17  per  cent,  of  nitrogen. 
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It  is  dear,  therefore,  that  we  cannot  hope  to  fix  the  fomuda  of 
albnmen  by  mere  analysiB,  at  least  for  the  present ;  and  themily 
method  wnich  promises  better  results,  is  the  stady  of  the  pro- 
dncts  of  its  decomposition.  In  the  case  of  gelatine  and  caseine, 
a  beginning,  aa  we  shall  see,  has  been  made,  and  it  is  more  than 
prol^le  that  albumen  will  yield  similar  results. 

6.  Animal  FiMne  is  found  in  blood,  chyle,  and  lymph  die- 
Bolyed,  and  forms  the  chief  part  of  the  muscles.  It  may  be  ob- 
tained by  whipping  up  blood  with  rods,  when  it  adheres  to  the 
rods,  and  is  finally  purified  by  kneading  with  water  to  remove 
colouring  matter,  and  by  digestion  with  aJcohol  and  ether,  whidi 
dissolve  fatty  substances.  When  dry  it  is  somewhat  similar  to 
albumen,  and  when  heated  bums  with  the  same  smell,  leaving 
from  0*77  to  2'55  per  cent,  of  ashes,  phoophates  of  lime  uid  mag- 
nesia. Recent  fiorine  loses,  in  vacuo,  about  80  per  cent,  of 
water,  the  greater  part  of  which  it  again  takes  up  when  placed 
in  water.  When  lon^  boiled  vnth  water,  it  slowly  dissolvea ; 
and  when  left  long,  &at  is,  for  some  months,  under  water,  it 
gradually  disappears. 

The  nbrine  of  venous  blood  dissolves,  at  a  gentle  heat,  in 
solutions  of  acetate  of  sodiL  sal-ammoniac,  and  nitre.  These 
solutions  are  coagulated  by  neat,  and  exhibit  the  properties  of 
dissolved  albumen.  Muscular  fibrine  may  also  be  thus  dis- 
solved ;  but  neither  arterial  fibrine,  nor  the  fibrine  of  the  buil^ 
coat,  can  undergo  this  change.  Venous  fibrine  loses  this  pro- 
perty by  exposure  to  the  air,  when  it  absoriw  oxygen  and  gives 
off  carbonic  acid.  Fresh  fibrine  rapidly  decomposes  deutoxide 
of  hydrogen :  but  boiling  water  or  alcohol  deprive  it  of  this 
property. 

The  most  striking  character  of  fibrine  is  its  spontaasoas 
coa^iulation,  as  in  the  blood ;  which  is  alao  seen  in  -vegaiMt 
fibrme  in  some  juices.  In  r^;ard  to  acids  and  alkalies,  fibrine 
acts  like  albumen. 

The  composition  of  fibrine  approaches  closely  to  that  of 
albumen,  and  the  best  analyses  do  not  admit  of  lieing  reduced 
to  a  formula  at  present  We  may  hope  for  a  better  result  when 
the  products  of  its  decomposition  snail  have  been  minutely 
studied. 

7.  AninuU  Gtueine  is  chiefly  found  in  rniSb.  It  is  not  known 
in  a  state  of  purity,  but  only  combined  with  bases  or  acids,  for 
both  of  which  it  has  a  powerful  attraction.  Uncombined  caseine 
is  insoluble :  in  milk  it  is  dissolved  by  virtue  of  the  potadi 
which  renders  that  fluid  alkaline.  If  carefully  neutralised  by 
an  acid,  milk  is  not  coagulated,  but  it  is  then  coagulated  ly 
boiling.    The  coagulum  or  curd  formed  by  excess  of  acids  is 
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Tery  Rolnble  in  oxalie  and  tartarie  acids,  sparingly  so  in  the 
mineial  acids.  This  ooagnlnm  contains,  along  with  caseine,  a 
good  deal  of  the  acid  employed. 

The  coagnlam  caused  in  milk  by  alcohol  yields,  when  burned, 
10  per  cent  of  ashes,  chiefly  phosphate  of  ume.  What  is  called 
solnble  caseine  is  a  compound  containing  much  potash.  With 
lime,  baryta,  &c.,  caseine  forms  insolnble  compoands. 

The  composition  of  caseine  is  not  accorateiy  known,  as  the 
body  known  nnder  that  name  contains  6*0  per  cent,  of  ashes* 
Bat  in  regard  to  the  other  elements  it  agrees  pretty  nearly  with 
albumen  and  fibrine,  the  existing  analyses  euiibitinff  the  same 
variations.  It  certainly  contains  less  sulphur  tiian  ubumen  or 
fibrine,  for  while  albumen  contains  from  1*7  to  S  per  cent.,  and 
fibrine  from  1*3  to  1*6  per  cent.,  caseine  appears  to  contain  no 
more  than  from  0*85  to  1*0  per  cent,  of  sulphur. 

As  in  the  case  of  the  two  preceding  comnounds,  so  also  in 
this,  no  formula  can  safely  be  deduced  from  tne  anal^rses.  But 
the  study  of  ihe  products  of  decomposition  of  caseine,  which 
has  been  commenced,  promises  to  lead  to  better  results. 

Schlossberaer  has  succeeded  in  resolving  caseine  into  two 
nitrogenised  bodies,  one  of  which  contains  all  the  sulphur,  the 
other  none.  liebig  has  discovered  that  when  caseine  is  melted 
with  caustic  potash  till  hydro^n  gas  begins  to  escape  alonff 
with  ammonia,  the  residue,  dissolved  in  water,  and  mixed 
with  acetic  add,  deposits  a  crystalline  compound  ^j^ronne, 
Ci«  NH*  Os,  whioi  merits  a  detailed  investinttion.  The 
mother  liquid,  when  farther  concentrated,  ^elds  leucine,  a 
body  alxeai^  known  as  a  product  of  the  action  of  potash  on 
gelatine.    Us  formula  is  Ct  t  N H i »  O4. 

Moreover,  if  the  oridnal  fused  mass  be  supersaturated  witii 
tartaric  add,  and  distified,  it  3rield8  valerianic  add ;  and  if  the 
heat  has  been  longer  continued,  butyric  add  also  is  obtained. 
The  origin  of  the  valerianic  add  is  obviously  the  action  of 
potash  on  leucine  previously  formed. 

CiaNHiaO4  +  3(KO,HO)  =  EO,CioH0Oa+NHa+ 
^  ^  ^  •-  ^- 

LMMfnn  ValeriaasteorFDlMli. 

2(K0,C0s)+Ha. 

Leucine  contains,  excepting  1  eq.  of  hydrogen  which  is 
wanting,  the  elements  of  a  compound  of  1  eq.  cyanic  acid, 
1  eq.  oxide  of  amyle,  and  2  eqs.  of  water. 

Ca«NHii04+H  =  CsNO  +  CioHii  0-1-2  HO. 

But  when  hydrated  cyanic  add  is  made  to  act  on  hydrated 
oiide  of  amyle^  it  yidds  a  oompoond  which,  althou|^  very 
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Bunilar  to  leacine,  is  yet  quite  distinct,  being  the  allophanate  of 
oodde  of  amyle,  analogous  to  the  allophanate  of  oxide  of  ethyle. 
Its  formula  is 

CX4K9H14O0  =  CioHiiO  +  G4NsHs05 


Ozids  of  Amjrl*.  AJIophuik  Add. 

According  to  Bopp,  caseine,  when  acted  on  by  hydrochloiie 
acid,  yields  products,  among  which  are  found^  in  large  propor- 
tion, tyrosine  and  leucine.  It  has  long  been  Imown  that  albit- 
minous  bodies  yield  leucine  when  acted  on  by  sulphuric  acid. 
It  appears,  therefore,  that  these  compounds  have  a  toidency  to 
yield  definite  and  cnrstalline  ]>roduct8,  the  study  of  wluch 
oSen  the  best  method  of  ascertaining  their  formulss. 

It  has  also  been  found  that  caseine,  when  oxidised  by  certain 
methods,  yields  the  same  varied  products  as  gelatine.  (See 
gelatine.) 

In  the  spontaneous  decomposition  of  caseine  we  again  meet 
with  Talenanic  add,  along  with  butyric  acid  and  the  other 
volatile  oily  acids. 

Milk,  or  any  other  solution  of  caseine,  when  evaporated  in 
the  air,  forms  a  pellicle,  which  is  renewed  as  fast  aa  it  is 
removed.  This  is  insoluble,  and  yields  ashes  containing  lime 
and  phosphate  of  lime. 

Milk  mav  be  analysed  by  drying  it  up  in  vacuo,  dissolving 
the  butter  by  a  mixture  of  ether  and  alcohol,  and  the  sugar  of 
milk  and  salts  by  cold  water.  The  caseine  remains  in  this  way 
undissolved,  the  salts  having  been  first  removed. 

When  exposed  to  the  air,  milk  undeigoes  a  peculiar  change. 
The  caseine  enters  into  decomposition,  and  this  decomposition 
passes  to  the  sugar  of  milk,  which  yields  a  little  lactic  acid,  and 
this  causes  the  caseine  not  yet  decomposed  to  coagulate.  But 
the  decomposition  continues:  the  sugar  of  milk  is  at  last 
entirely  converted  into  lactic  acid,  mannite  and  gum ;  and  if 
the  acid  be  neutralised,  and  fresh  su^  added,  it  will  undergo 
the  same  change  as  long  as  anv  caserne  remains.  This  is  the 
method  followed  for  obtaining  lactic  and  lactates.  The  coagu- 
lum,  separated  from  the  whey  when  first  formed,  and  preswd 
out,  forms  cheese.  In  making  the  better  kinds  of  cheese,  the 
milk,  instead  of  being  allowed  to  coagulate  spontaneouslyi  is 
coagulated  by  contact  with  water  in  which  put  of  the  linmg 
membrane  of  a  stomach  has  been  infused.  This  infusion  is 
called  rennet,  and  it  acts  by  virtue  of  containing  albumen  or 
gelatine  in  a  state  of  decomposition,  which  is  at  once  commu- 
nicated to  the  sugar. 

When  milk,  spontaneously  coegulateNd,  is  exposed  to  a  heat 
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of  bom  7&*  to  S6%  without  any  addition,  the  sngar  of  milk 
pasBOS  into  grape  sugar,  and  yinons  fennentation  ensues.  The 
fermented  milk,  distilled,  yields  a  spirit  containing  traces  of 
butTric  ether. 

li  sugar  is  made  to  ferment  with  caseine  at  about  100*",  car- 
bonic acid  and  hydrogen  gases  are  disengaged,  and  butyric  acid 
is  formed  in  large  quantity. 

The  chief  mineral  substances  in  mOk  are  potash  and  phos- 
phate of  lime,  which  are  found  in  its  ashes.  The  ashes  also 
contain  sulphates,  although  milk  does  not.  The  sulphuric  acid 
in  the  ashes  is  derived  firom  the  oxidation  of  the  sulphur  of  the 
easeine. 

The  proportions  of  water,  caseine,  sugar  of  milk,  butter,  and 
salts,  are  very  variable  in  milk.    It  generally  contains  about  86 

r}T  cent  of  water,  4  to  7  of  caseine,  3*6  to  5-6  of  butter,  and 
to  5*5  of  sugar  of  milk  and  salts.  For  the  best  method  of 
analysing  milk,  proposed  by  Haidlen,  I  must  refer  to  the 
*^  Annalen  der  Chemie  und  Pharmacie,  xlv.,  274."  By  this 
method  Haidlen  obtained  as  follows : — 

From  Cow's  Mfflc    Hnnmn  Milk.    Do. 

Butter 3 

Sugar  of  Milk,  and  salts  soluble  in  alcohol  4-6 
Gaiwine  and  iiisoluble  salts  .  .  .  5*1 
Water 87-3 

1000        1000        100-0 

The  colostrum,  or  milk  ^ven  immediately  after  parturition, 
dififers  from  normal  milk  m  containing  16  to  26  per  cent,  of 
albumen,  with  less  caseine,  butter,  and  sugar  of  milk. 

The  nulk  of  bitches,  according  to  Simon,  contains  from  14*6 
to  17'4  of  caseine,  16*2  to  13*3  of  butter,  and  no  sugar. 

(Meete  is  caseine  in  a  state  of  incipent  or  progressive  decom- 
position or  putrefaction.  In  the  finer  kinds  of  cheese,  there  is 
a  large  proportion  of  butter,  and  to  the  volatile  acids  of  the 
butter  may  be  ascribed  the  flavour  of  cheese.  Some  kinds  of 
cheese  are  full  of  what  are  called  eyes,  that  is,  hollows,  caused 
by  the  formation  of  bubbles  of  gas ;  and  in  these  hollows  a 
liquid  is  sometimes  found,  containing  free  ammonia,  a  product 
of  decomposition,  which  greatly  hei^tens  the  flavour.  When 
the  blue  mould  appears  in  cheese,  it  is  in  a  state  of  rapid  decay 
or  eremacausis,  and  much  ammonia  is  given  off.  Little  is  yet 
known  of  the  chemical  differences  in  the  making  of  different 
kinds  of  cheese.  The  richest  are  made  almost  entirely  from 
cream,  as  Stilton  and  Parmesan.    Others,  as  Gruyerey  Glou- 
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eester,  ChoBhire,  and  Datch  dieese,  are  made  with  freali 
uncreamed  milk,  or  mixtures  of  this  with  cream ;  and  more  or 
less  salt  is  used,  aa  well  as  different  methods  of  coagnlatiBgy 
in  different  places. 

Animal  Mucus  is  somewhat  analogous  to  albomen,  when  dry. 
In  water,  it  softens  and  swells,  like  tragacanth.  It  is  precipi- 
tated by  picric  acid.    It  contains  sulphur. 

8.  aorm  Matter,  This  name  may  be  giyen  to  the  substance 
of  which  the  epidermis,  hair,  wool,  silk,  feathers,  nails,  claw^ 
hoofs,  horn,  shell,  and  probably  also  sponge,  are  composed. 
All  these  substances  dissolve  in  potash-ley  when  heated  with  it, 
giving  off  ammonia,  and  formiug  a  solution  from  which,  by 
neutralisation  with  acetic  add,  a  white  gelatinous  matter  is 
precipitated.  (See  Proteine),  They  i3l  contain  sulphur. 
Sponge  leaves  3^  per  cent,  of  ashes,  among  which  is  round 
iodide  of  potassium.  All  the  above  substances,  when  heated 
or  burned,  give  out  the  same  peculiar  and  well-known  smell, 
known  as  that  of  burnt  feathers. 
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Under  this  head  we  place  several  tissues  which  vield  to  bofl- 
inc  water  a  substance  which  on  cooling  forms  a  jelly,  or  maybe 
called  ffekaine.  They  are  chiefly  found  in  the  cellular  mem- 
brane, the  skin,  the  membranes  in  general,  the  tendons,  liga- 
ments, bones,  cartilages,  &c. 

The  cellular  tissue  and  the  membranes  are  chiefly  formed  of 
gelatinous  matter,  which  is  insoluble  in  cold  water  and  acids, 
it  combines  with  salts,  as  corrosive  sublimate,  persulphate  of 
iron  and  alum,  forming  insoluble  compounds  which  do  not 
putrefy,  as  ^latino  itself  so  readily  does. 

The  gelatine  of  the  skin,  when  moist,  combines  with  tannic 
acid,  if  steeped  in  a  solution  of  that  acid,  and  is  converted  into 
leather.  While  the  true  skin  is  gelatinous,  the  epidermis  is 
more  allied  to  horn. 

Okondrine  is  tiie  name  g^ven  to  the  gelatine  of  the  cartilages. 

CMatme  or  Qkte  is  that  given  to  uie  gelatine  of  the  bones 
and  hoofs,  skins,  dtc.  of  animisls.  Isinglass  is  made  from  the 
air-bladder  of  fishes,  and  is  nearly  pure  gelatine. 

1  part  of  pure  gelatine,  dissolved  in  100  of  hot  water,  foms 
a  jelly  on  cooling.  A  solution  of  isinglass  is  oompletdy  pre- 
cipitated by  infusion  of  nut  galls. 

Ghondrine  and  selatine,  in  eolation,  are  distinguisihed  by 
acids,  alum,  and  salts  of  lead,  which  predpitato  chondzine  bat 
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not  gelatine.  In  regard  to  other  tests,  they  agree.  -sVtnr  of 
either  may  be  detected  by  tannic  acid. 

By  the  action  of  chlorine  on  gelatine,  there  is  fonned  what  is 
called  ehlarUe  of  gelatine,  consisting,  according  to  Mulder,  of 
chlorous  acid  and  gelatine. 

By  the  action  of  notash,  celatine  is  converted  into  sugar  of 
gelatine,  or  glycocoll,  a  substance  already  described  as  an 
artificial  base,  or  into  a  mixture  of  sugar  of  gelatine  and  leucine. 

The  composition  of  gelatine  is  not  more  accurately  known 
than  that  of  the  albuminous  substances  already  mentioned.  It 
approaches  to  them  in  composition,  but,  so  far  as  we  know,  it 
cannot  pass  into  albumen,  fibrine,  or  caseine,  as  these  bodies 
can  pass  into  each  other,  and  even  into  gelatine.  Hence  it  is 
not  fitted  for  the  formation  of  blood,  and  cannot  be  called 
strictly  nutritious. 

Wlien  gelatine  is  oxidised  by  means  of  bichromate  of  potash 
and  sulphuric  acid,  it  yields,  according  to  Schlieper,  the  fol- 
lowing products :  1,  hydroc7anic  acid ;  2,  acetic  acid ;  3,  valeri- 
anic acid;  4,  benzoic  acid;  5,  a  new  oil,  vdUronitrUe;  6, 
another  new  oil,  valeraeetanUrUe ;  and,  7,  a  heavy  oil,  with  an 
odour  of  cinnamon,  not  fully  studied.  Marchand  obtained  also 
hyduret  of  benzoyle. 

ValeronUrile,  Ci  o  H»  N, corresponds  to  beneonitrile,  a  com- 
pound recently  discovered  among  the  products  of  the  action  of 
heat  on  benzoate  of  ammonia ;  and  may  be  derived  from  valeri- 
anate of  ammonia,  as  follows : 

CioHsOa,  NHs,  H0  =  4  HO  +  CioHs  N 

Talarianate  of  unmonk.  Yaleronitrile. 

When  acted  on  by  alkalies,  it  takes  up  water,  and  is  again 
converted  into  valerianic  acid  and  ammoma. 

VuUeraeetQnUriUy  C>e  H«4  N«  Oa,  contains  the  elements  in 
2  eqs.  of  4  eq.  valeronitrile,  and  3  eqs.  hydrated  acetic  acid. 
It  is  resolved  by  alkalies,  water  being  taken  up,  into  ammonia, 
which  escapes,  and  acetic  and  valerianic  acids. 

It  is  obvious  that  the  full  investigation  of  the  products  of 
decomposition  of  gelatine  will  ultimately  lead  us  to  its  true 
fonnnia. 

Bom,  The  gelatine  and  other  animal  matters  in  healthy 
bone  constitute  from  d7'5  to  44  per  cent;  the  rest  is  earthy 
matter.  In  rickets  and  moUities  ossium,  the  cartilaginous 
matter  amounts  to  from  63  or  70  to  80  per  cent.,  and  the  phos- 
phate of  lime  is  diminished  in  proportion,  not  exceeding,  in 
some  cases,  12  or  13  per  cent. 
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Thd  proportions  of  gelatme  and  earthy  matter  vary  in 
di£Ferent  animal  species. 

The  earthy  ingredients  of  bone  are,  phosphate  of  lime,  carbo- 
nate of  lime,  fluoride  of  calcimn,  phosphate  of  magnesia,  with 
small  quantities  of  common  salt,  soda,  &c. 

Bone  or  Iwiy  Black,  obtained  by  calcining  bones  in  retorts, 
contains  all  the  earth^r  and  saline  matters,  with  a  laige  pro- 
portion of  charcoal  intimately  mixed  with  Uiem.  It  probably 
contains  nitrogen.    Qu  t  as  paracyanogen  or  mellone  1 

THE  BILK. 

This  animal  fluid,  collected  from  the  liver  in  the  gall-bladder, 
is  slightly  alkaline,  and  has  a  viscid,  oily  consistenoe.  It  has, 
when  fresh,  a  golden-yellow  colour  with  a  tinge  of  green,  and 
becomes  darker  when  exposed  to  the  air.  Ito  taste  is  bitter 
and  persistent,  with  a  sweetish  after-taste.  It  is  perfectly 
miscible  with  water,  and  its  aqueous  solution  frotha  like  solu- 
tion of  soap. 

When  dried  in  the  vapour-bath,  bile  leaves  a  yellow  xnaaa, 
which  dissolves  in  alcohol,  leaving  undissolved  a  little  mucna. 
The  alcoholic  solution  is  deep  green,  but  may  be  decolorised 
either  bv  animal  charcoal,  or  by  tiie  cautious  addition  of  baryta, 
which  K>rms  an  insoluble  compound  with  the  colouring  matter. 
The  decolorised  alcoholic  solution  of  bile  still  contains  choleafte- 
rine,  which  is  separated  by  adding  ether,  till  the  solution 
becomes  slightly  turbid  ;  on  standing,  pure  bile  is  deposited  in 
crystals,  the  formula  of  which  is  Na  0  -|-  C44  H«o  NSO». 
(Verdeil.) 

The  solution  of  bile  is  precipitated  by  neutral  acetate  of  lead, 
but  the  liquid  becomes  acid.  If  the  free  acid  be  neutralised, 
acetate  of  lead  produces  a  fresh  precipitate,  the  liquid  again 
becoming  acid.  Tribasic  subacetate  of  lead  precipitates  at  once 
the  whole  of  the  organic  matter  of  the  bile,  but  an  excess  of  the 
precipitant  is  apt  to  redissolve  a  part  of  the  precipitate,  which 
18  also  soluble  in  alcohol.  Mineral  acids  cause  a  resinoid  pre- 
cipitate in  solution  of  bile. 

Bile  in  solution  may  be  recognised  by  the  property  of 
striking  a  purple  colour  with  solution  of  sugar  and  sulphuric 
acid. 

Purified  bile,  when  calcined,  leaves  a  white  aah,  composed 
chiefly  of  carbonate  of  soda,  with  traces  of  phosphate  of  soda 
and  common  salt.  The  ash  amounts  to  12  per  cent.,  of  whidi 
upwards  of  11  consist  of  carbonate  of  soda. 

It  is,  therefore,  evident  that  bile  is  composed  of  soda  united 
to  an  oiganic  compound,  having  the  characters  of  an  acid, 
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although  a  feeble  one,  and  in  some  respects  analogona  to  the 
fBtty  and  resinoiis  adds.  This  compound^  which  is  the  whole 
oiganic  or  combustible  part  of  the  bile,  is  called  ehoUie  or  bUie 
aAi,  and  bile  is  the  choleats  of  soda, 

Gholeic  acid  is  best  prepared  by  making  an  alcoholic  solution 
of  8  parts  of  pore  bile,  and  dissolvinff,  with  the  aid  of  heat,  in 
this.  1  part  of  effloresced  (monohydrated)  oxalic  acid.  The 
oxalate  of  soda  separates  in  crystals.  The  filtered  liquid, 
diluted  with  a  little  water,  is  digested  with  carbonate  of  lead, 
till  aU  oxalic  acid  is  removed.  Any  lead  that  may  be  dissolved 
is  separated  by  sulphuretted  hydrpjren,  and  the  filtered  solution 
evaporated  in  the  water  heat.  Cmoleic  acid  may  also  be  ob- 
tained by  the  action  of  diy  hydrochloric  acid  gas  on  a  solution 
of  pure  bile  in  absolute  alcohol,  and  by  several  other  ]processes, 
of  which  one  may  be  noticed.  Pure  bile  is  precipitated  by 
snbacetate  of  lead,  and  the  precipitate  brouffht  with  water  to 
the  boiling  point  Sulphuric  acid  is  now  added,  drop  by  drop, 
until  the  precipitate  has  lost  its  peculiar  consistence.  Hie 
liauid  is  Uien  filtered,  and  any  dissolved  lead  separated  by 
sulphuretted  hydrog^en. 

To  purify  choleic  acid  it  is  dissolved  in  a  very  small 
quantity  of  alcohol,  and  precipitated  by  ether,  which  retains  in 
solution  fatty  matters.  The  probable  fonnula  of  choleic  add 
isC44  H40  NSO»,  HO  =  C44  H«.  N8O1  o. 

When  dried  in  the  water-bath,  or  in  vacuo,  over  sulphuric 
add,  choleic  add,  if  prepared  from  decolorised  bile,  is  colour- 
less, or  nearly  so,  and  has  the  aspect  of  gum.  It  is  resinous  and 
friable  when  dry,  but  its  powder  attracts  moisture  strongly,  and 
becomes  agglomerated  together.  Its  solution  is  distinctly  add 
to  test-paper.  The  addition  of  mineral  adds  causes  a  separa- 
tion of  choleic  add  in  oily  drops,  which  are  soluble  in  pure 
water. 

Pure  choldc  acid,  when  heated  on  platinum  foil,  bums  with 
flame,  leaving  a  voluminous  coal  which  finally  bums  awa^  with- 
out residue  of  ashes.  When  choleic  add  leaves  an  aUcalme  ash, 
it  is  because  it  contains  undecompoeed  bile,  choleate  of  soda ;  in 
frtct,  it  may  be  called  acid  choleate  of  soda,  a  substance  which 
has  been  described  as  a  distinct  ingredient  of  the  bile  by  several 
chemists. 

Numerous  analyses  of  pure  bile  (deducting  the  ashes)  and  of 
choleic  add,  both  prepared  in  many  different  ways,  by  different 
chemists,  as  Demar^y,  Theyer  and  Schlosser,  Kemp,  Enderlin, 
Verdeil,  and  others,  agree  so  well  together,  that  no  doubt  can 
be  entertained  in  regard  to  this  point,  tiiat  Uie  bilic  or  choleic 
add  of  ox  bile  is  a  substance  of  tmiform  oompontion,  and 
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that  the  acid  in  bile  has  the  same  eompoaition  as  that 
which  is  obtained  in  the  separate  state  by  the  processes  above 
given. 

Fnither,  if  the  choleate  of  lead,  purified  from  phoaphate, 
chloride,  &c.,  of  lead  by  solution  in  alcohol,  be  act«i  on  by 
carbonate  of  soda,  choleate  of  soda  (artificial)  is  obtained ; 
and  this  salt,  when  pure,  is  found  to  dbBfer  in  no  one 
respect  from  pore  bile,  or  natural  choleate  of  soda,  and  is, 
therefore,  regenerated  bile.  Its  composition  is  the  same  as 
that  of  bile. 

GhoUate  of  aoda  has  already  been  described  as  pniified 
bile. 

Aeid  cMeate  o/»oda  has  been  at  difierent  times  known  as 
biliary  mattery  and  as  bilifelUe  aeid  toiih  eaxess  of  biline  (Berse- 
lins).  But  the  biline  of  this  chemist,  and  also  ms  sugar  of  bile, 
are  nothing  more  nor  less  than  either  pore  bile  or  choleic 
acid.  Platner  has  lately  obtained  the  acid  choleate  of  soda 
crystallised,  which  is  a  strong  additional  alignment  in  iayoni  of 
the  opinion  that  the  bile  is  a  uniform  and  definite  compound 
of  choleic  add,  and  that  all  the  numerous  compounds  de- 
scribed by  Benselius  and  others  as  constituents  of  bile,  are 
|>roduct8  of  the  decomposition  of  choleic  acid.  This  is  a  con- 
sideration of  the  utmost  importance,  with  reference  to  the 
production  of  bile  in  the  animal  body,  to  its  functions,  and  in 
short  to  chemical  physiology. 

Choleate  (//tfoa  (iMwic).  This  salt,  precipitated  by  subacetate 
of  lead,  has  the  characters  of  a  plaster,  as  choleate  of  soda  has 
those  of  a  soap. 

PBODUCTB  OF  THE    DBOOUFOSITION  OP  BILE. 

The  recent  discovery  of  38*6  p^  cent,  of  sulphur  in  taoiine, 
and  of  nearly  4  per  cent,  in  choleic  acid,  renders  it  impossible 
to  give  at  present  a  satisfactory  account  of  the  various  meta- 
morphoses of  the  bile  until  the  researches,  rendered  necessary 
by  these  discoveries,  shall  be  concluded.  In  the  meantime, 
the  only  compounds  the  formulsB  of  which  are  known  with 
any  degree  oi  certainty,  are  choleic  acid  and  taurine,  llie 
formula  of  cholic  acid  must  be  considered  doubtful,  till  we 
know  what  becomes  of  the  sulphur  of  the  bile  in  its  formation. 

I.  Chokidk  acid.  This  acid  is  foteied  by  the  action  of 
hydi-ochloric  acid,  when  boiled  with  bile.  It  differs  from  choleic 
acid  in  containing  no  nitrogen.  .  Its  formula  is  C«o  Hs  o  Oi  i. 
Its  production  is  attended  with  the  formation  of  Uturine.  Cholo- 
idic  acid  is  resinous  or  rather  pitchy  in  aspect,  softened  by  the 
heat  of  boiling  water,  insoluble  in  water  and  ether,  soluble  in 
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alcohol.  Probdblo  fonnnkCeo  Hao  Oi  i  s  Ceo  H4»  Oio,  HO; 
bat  aa  that  foimnla  was  ascertained  before  the  presence  of 
solphur  in  choleic  acid  was  known,  it  must  be  considered 
donbtfdl. 

Bj  the  acti6n  of  nitric  acid,eholQidic  acid  is  converted  into 
a  Tariety  of  products,  among  which  are — 1.  Several  of  the 
oily  acidbs  of  the  series  (CH)n  +  0«.  2.  A  heavy  pungent 
volatile  oil,  which  hj  the  action  of  potash  yields  niUroMlie 
acidj  Ca  HN4  Os,  HO,  and  cholaeroUy  another  pungent  oil, 
C«  H<  Na  0i3  ;  3.  Chohidanicacid,Ci9  Hn  0«,H0,  and 
4.  Cholestene  acid,  C*  H«  0«,  HO,  so  called  because  it  isalso 
formed  by  the  action  of  nitric  acid  on  cholesterine. 

2.  Taurine,  C4  Hr  NS»  Oo.  This  substance  is  found  in  the 
liquid  which  has  deposited  the  choloidic  acid.  When  pure,  it 
forms  larve  prisms,  neutral,  with  a  cooling  taste,  soluble  in 
water,  ana  veiy  permanent,  not  being  decomposed  by  strong 
nitric  acid. 

3.  Cholie  add.  This  is  another  non-azotised  acid,  formed 
when  bile  is  acted  on  by  fusion  with  caustic  alkalies,  which 
disengage  the  nitrogen  as  ammonia.  It  resembles  the  fatty  acids, 
or  ratner  the  resinous  acids.  It  forms  large  transparent  tetra- 
hedra,  soluble  in  alcohol  and  ether,  nearly  insoluble  in  water. 
Formula,  C4a  Ha  •  0«,  HO  ? 

4.  DysUftine,  This  is  the  name  given  by  Berzelius  to  a 
compound  formed  during  the  action  of  hydrochloric  acid  on 
bile.  It  is  very  sparingly  soluble  in  hot  alcohol.  (Hence  its 
name,  from  Svfy  difficult,  and  Xwra,  solution).  It  has  a  resinous 
aspect,  and  the  formula  Goo  H40  O7,  that  is,  choloidic  add 
VH11U8  4  eq.  water. 

Th^feuicaeid  and  ehoUmie  add  of  Benselius  are  mixtures  of 
some  of  the  above,  or  of  other  products,  with  unaltered  choleic 
add.  They  do  not  exist  ready-formed  in  bile,  according  to 
Theyer  and  Schlosser. 

5.  6%o/»cac«i(Gmelin).  This  isan  add,  containing  nitrogen, 
formed  when  choleate  of  lead  is  acted  on  by  acetic  add.  It 
forms  fine  needles  of  a  sweet  and  pungent  taste,  very  soluble 
in  alcohol  and  in  hot  water.    Its  fonnula  is  unknown. 

6.  Ckdamc  add  is  a  resinoid  add,  found  in  putrid  bile,  and 
very  similar  to  choloidic  add,  if  not  identical  with  it. 

7.  Fetiatde  add  accompanies  the  preceding.  It  forms  trans- 
paient  prisms,  and  may  possibly  be  cnolinic  acid.  At  all  events, 
it  is  not  established  as  a  distinct  compound ;  but  is  a  product, 
probably  a  muced  one,  of  some  of  the  changes  of  so  complex  a 
sabetanoe  as  eholdc  add. 

The  cdoaniig  matter  of  th^  bile  when  diy  is  reddish-brown, 
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bat  dlHsolves  in  potaah  with  a  yellow  colour,  becoming  greenish- 
brown  in  the  air.  Its  eolation,  mixed  with  excess  of  nitiic  acid, 
becomes  first  green,  then  blue,  violet,  red,  and  finally  yellow. 
The  same  changes  of  coloor  are  seen  in  serom,  chyle,  or  aiine 
changed  with  bUe,  as  in  jaandice. 

BILIARY  CONCRETIONS. 

The  calcali  or  concretions  found  in  the  gall>bladder  are  gene- 
rally composed  of  cholesterine,  with  more  or  less  colourinff 
matter.  Sometimes  the  cholesterine  is  so  pare  that  alcohd 
dissolves  it  entirely  and  becomes  hardly  coloured;  at  other 
times  colouring  matter  alone  is  found.  The  former  case  occurs 
in  the  human  subject :  the  latter  generally  in  the  ox. 

Litho/ellic  acid  is  an  acid  found  constituting  the  mass  of 
certain  concretions  called  bezoar  oriefOdU,  and  said  to  be  foond 
in  the  stomach  of  certain  antelopes ;  but  which  are,  no  donbt, 
biliary  concretions. 

Litnofellic  acid  is  fusible,  gives  off  when  heated  a  fragrant 
vapour,  and  has  when  cut  or  rubbed  in  the  concretion  the  lustre 
of  wax«  It  dissolves  in  hot  alcohol,  and  forms  brilliant  six- 
sided  prisms,  insoluble  in  water.  Formula,  C«>Has08  (Ett- 
ling  and  Will) ;  C*o  H*.  Or,  HO  (Wohler). 

Nitric  acid  converts  it  into  a  new  acid  containing  nitrogen. 
Formula,  C«o  H««  NOi  i. 

When  distilled,  lithofellic  acid  loses  2  eq.  water,  and  yields 
pyrolithofellic  acid,  C40H34O0. 

BRAIN  AND  NERVOUS  MATTER. 

This  substance  consists  of  water  to  the  extent  of  aboat  80 
per  cent. ;  of  albuminous  matter,  7  ner  cent. ;  and  of  aev«nal 
peculiar  fats,  among  which  are  cnolesteiine,  and  another 
beautifully  crystalline  fat,  resembling  cholesteiine  bat  distinct 
from  it. 

Cer^ric  acid.  This  is  a  fatty  acid,  peculiar  to  the  nervous 
matter.  It  is  purified  by  means  of  ether,  which  removes  an 
oily  matter,  and  by  crystallisation  in  hot  alcohol.  It  forms 
white  granular  civstals,  slightly  soluble  in  water,  especiaUy 
when  hot,  although  the  greater  part  is  not  dissolved  bat  swells 
up  into  a  gelatinous  paste.  It  melts  when  heated,  and  when 
burned  leaves  a  very  acid  coaL  It  contains  both  nitrogen  and 
phosphorus,  which  distin^;aishes  it  from  the  ordinary  fat  acids. 
Its  salts  are  very  soluble  m  alcohol,  as  well  as  in  water. 

Oleophosphorie  acid.  This  acid  is  dissolved,  in  combination 
with  soda,  oy  the  ether  used  in  purifying  cerebric  acid ;  but  it 
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is  hardly  known  in  a  state  of  purity ^  being  mixed  with  a  nentral 
oil,  ewebroieiney  with  cholesterine,  and  with  cerebrie  add,  in 
small  quantity.  With  alkalies  it  forms  soaps,  exactly  similar 
to  the  salts  dissolved  firom  biain  by  ether.  When  boiled  with 
water  or  alcohol,  it  is  resolved  into  cer^roleine  and  phosphoric 
acid.    Of  the  latter  it  yields  about  2  ner  cent 

Cerebroleine  is  purified  by  cold  alcohol,  which  dissolves  the 
oil,  leaving  undissolved  all  the  cholesterine  and  cerebrie  acid. 
Its  composition  is  the  same  as  that  of  the  oleine  of  human  fat. 

The  cholesterine  of  the  brain  appears  to  be  identical  with 
that  of  bile.  The  brain  also  contains  traces  of  oleic  and 
maigaric  acids.  When  it  putrefies,  the  oleophosphoric  acid 
disappears  entirely. 

The  most  important  point  in  the  chemical  history  of  the 
brain  is  that  it  contains  both  fat  and  albumen,  the  two 
extremes  of  the  animal  products,  and  substances  (cerebrie  and 
oleophosphoric  acids)  of  a  composition  intermediate  between 
that  of  albumen  and  that  of  fat.  These  bodies,  however, 
appear  to  contain  even  a  laiger  proportion  of  phosphorus  than 
albumen.  It  is  not  yet  known  where  the  cerebrie  and 
oleophosphoric  acids  are  produced :  whether  in  or  by  a  special 
organ,  as  the  bile  is  by  the  liver ;  or  whether  in  the  circula* 
tion  generally.  It  will  be  seen  hereafter  that  the  blood  does 
conttun  traces  of  cholesterine  and  other  fatty  matters ;  and, 
indeed,  as  the  blood  also  contains  bile,  it  may  be  supposed  that 
the  liver  does  not  form  the  bile  but  merely  separates  it  from 
the  blood,  it  having  been  previously  formed.  In  like  manner, 
even  if  there  should  be  found  an  organ  connected  with  the 
formation  or  secretion  of  nervous  matter,  still  the  function  of 
that  organ  might  be  only  to  separate  cerebrie  add,  previously 
formed,  horn  the  blood.  At  ail  events,  we  cannot  doubt  that 
the  very  remarkable  composition  of  the  adds  of  the  brain  has 
an  important  relation  to  the  functions  of  that  organ,  and  that 
the  production  of  those  adds  forms  an  essentia  part  of  the 
vital  process  going  on  in  the  body. 

Lieoig  has  lately  observed  that  the  brain  contains  no 
kreatine  (a  body  found  in  urine  and  in  the  juice  of  flesh),  but 
that  when  triturated  with  barytic  water,  two  adds  are  taken 
up  by  that  base,  forming  salts,  one  of  which  is  insoluble,  the 
other  soluble,  in  alcohol.  Both  dissolve  in  water,  and  the 
solution  in  both  cases  yields  a  white  precipitate  with  acids. 
The  adds  in  question  are  therefore  insoluble  in  water,  and 
probably  alliea  to  fstt  acids,  but  they  have  not  yet  been 
examined. 

Dr.  R.  D.  Thomson  has  also  been  for  some  time  engaged  in 
rb2 
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the  study  of  tlie  brain,  and  his  roseaivfaes  are  anzioiisly 
looked  for. 

GASTRIC  JUICS. 

This  juice,  as  extracted  from  the  stomach  of  executed 
criminals,  is  colomiess  or  slightly  yellow,  turbid,  and  dis- 
iiBcWy  acid.  It  contains  free  acids  along  with  chlorides  of 
potassium  and  sodiuuL 

The  nature  of  the  free  acid  present  in  the  gastric  juice  has 
been  disputed.  When  it  is  distilled,  free  hydrochloric  acid  is 
obtained,  and  this  is  often,  perhaps  always  accompanied  by 
butyric  acid.  But  it  must  be  remembered  that  these  acids  are 
volatile,  and  that  therefore  their  presence  in  the  distilled 
liquid  affords  no  proof  of  their  existence  in  the  free  state  in 
the  gastric  juice.  On  the  other  hand,  Lehmann  obtained  from 
the  mtric  juice,  by  a  peculiar  process,  a  salt  of  macnesia, 
whicn  he  analysed,  and  which  Liebig  has  shown  to  be  lactate 
of  magnesia.  There  can  be  no  doubt  of  the  presence  of 
phosphoric  acid,  free  or  combined ;  and  it  is  most  probable 
that  in  the  normal  juice,  the  fixed  acids,  phosphoric  and 
lactic,  are,  in  part  at  least,  free,  while  the  volatile  acids,  hydro- 
chloric and  butyric,  are  present  in  the  form  of  salts.  In 
the  distillation,  the  latter  are  expelled  in  the  free  state,  the 
fixed  acids  taking  their  place.  This  view  is  confirmed  by  the 
^enomena  exhibited  by  the  juice  of  flesh,  (See  Liebig's 
Researches  on  the  Chemistry  of  Food,  and  the  next  section  of 
this  work,)  which  undoubtedly  contains  free  lactic  and 
phosphoric  acids,  (or  what  is  the  same  thing,  acid  f^oepbatos 
and  acid  lactates,}  along  with  chlorides,  and  appears  to  have 
a  very  close  resemblance  to  the  gastric  juice. 

The  property  of  dissolving;  or  digesting  food  such  as  albumen, 
fibrine,  caseine,  &c.,  is  owing  in  part  to  the  nresence  of  free 
acid,  and  in  part  to  the  presence  of  part  of  the  lining  mem- 
brane of  the  stomach  dissolved,  and  in  a  state  of  chai^. 
The  gastric  juice  converts  into  chyme,  or  diseets,  albumen, 
fibrine,  &c.,  out  of  the  body  as  well  as  in  it,  if  the  temperature 
of  the  stomach  be  kept  up ;  and  water  acidulated  with  a 
trace  of  hydrochloric  acid,  and  afterwards  left  for  24  hours  in 
contact  with  the  lining  membrane  of  a  stomach,  acquires  in  a 
very  high  degree  the  solvent  power  of  the  gastric  juice.  Water 
thus  prepared  dissolves  in  8  to  IS  hours,  at  the  temperature  of 
from  86**  to  104*>,  hard-boiled  white  of  egg,  fcc.,  which  requires 
4  da3rs  at  a  temperatnre  of  158**  to  176**  to  be  dissolved  by 
water  merely  acidulated  with  the  same  proportion  of  add,  but 
not  placed  in  contact  with  the  stomach.    This  latter  fluid. 
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however,  dinolves  meat  better  than  it  does  albumen,  becaose 
the  meat  supplies  some  membranous  matter  in  a  state  of 
change,  by  which  the  solution  of  the  fibrine  ib  finally  promoted. 
All  attempts  to  isolate  the  supposed  principle-~})^p9tfi«  as  it 
was  caUed,  which  is  supposed  by  some  to  be  the  solvent  of 
food  in  the  stomach-— have  Isiled.  The  gastric  juice  has  only 
yielded  traces  of  animal  matter,  and  we  lutve  not  yet  any  proof 
that  its  solvent  action  depends  on  a  peculiar  compound,  and  is 
not  rather  the  effect  of  a  kind  of  fermentation  induced  in  the 
food  by  contact  with  the  particles  of  the  dissolved  epithelium, 
themselves  -in  a  state  of  change,  and  consequently  of  motion. 
On  the  whole,  then,  taking  into  account  the  facts  of  artificial 
digestion,  it  appears  most  probable  that  digestion  is  a  process 
analogous  to  fermentation  in  the  conditions  under  which  it 
takes  place,  namely,  a  certain  temperature,  and  contact  with 
azotised  matter  in  a  state  of  decomposition  ;  but  differing  from 
the  usual  forms  of  fermentation  in  its  phenomena,  no  gas  being 
disengaged,  and  its  chief  result  being  the  solution  of  an 
originally  insoluble  matter. 

JUICK  OF  FLESH. 

The  muscular  mass  of  animal  bodies  is  chiefly  composed  of 
muBcular  fibre  (fibrine),  coloured  by  blood,  contained  m  innu- 
merable small  vessels,  of  those  vessels,  of  nerves,  of  tendinous 
matter,  and  of  cellular  tissue.  More  than  -Iths  of  its  weight 
are  water,  which,  holding  in  solution  a  great  variety  of  sub- 
stances, penetrates  evexy  part  of  the  mass,  and  constitates  the 
fuice  cffiesh,  as  it  is  termed.  This  fluid  is  contained  either  in 
peculiar  minute  vessels  or  in  the  ceUs  of  the  cellular  tissue, 
and  when  the  flesh  is  finely  chopped  and  pressed,  the  juice  is 
obtained,  more  or  less  mixed  with  blood.  The  best  method  is 
to  mix  the  chopped  flesh  with  water,  to  squeeze  out  the  mass, 
and  to  repeat  this  process  if  necessarv.  In  this  way,  the  juice 
of  flesh  is  obtainedin  a  somewhat  diluted  state,  and,  as  already 
stated,  not  free  from  blood. 

This  fluid  has  recently  been  studied  by  Liebig  (Researches 
on  the  Chemistrv  of  Food  *)  with  very  interesting  results.  It 
ii  uniformly  and  strongly  acid,  and  the  acids  present  are  lactic 
acid,  in  lai^e  quantity,  phosphoric  acid,  a  new  azotised  acid, 
niotinie  acid,  and  in  smaUer  Quantity  some  other  organic  acids, 
not  yet  examined.  No  sulpnuric  acid  u  present,  save  a  trace 
from  the  blood.  The  bases  are  potash  m  laige  proportion, 
both  as  phosphate,  lactate,  inosinate,  kc.,  and  as  chloride  of 

*  London :  Tajlor  ana  Walton.    1647. 


606  aUICE  OF  FLESH. 

potassium ;  soda  in  much  smaller  quantity,  chiefly  as  chloride 
of  sodium,  (and  probably  derived  from'the  blood,  at  least  for  the 
most  part)  ;  magnesia ;  lime ;  the  latter  in  much  smaller  pro- 
portion ;  and  kr^tinine.  The  juice  contains,  besides,  albumen 
dissolved,  which  is  coajg^ulated  by  heat,  and  amounts  to  from  2  to 
3  per  cent  of  the  weight  of  the  flesh.  The  insoluble  residue 
of  fibrine,  &c.,  amounts  when  dxy  to  17  or  18  per  cent,  so  that 
the  average  composition  of  flesh  will  be  nearly  as  foUows : — 

Water 78 

Fibrine,  vemeU,  nervei,  cells,  &c.      •        .        •    •        17 

Solnble  f'^l^'^®'* 2-5 

. .      <  Acids  and  bases,  omnic  snd  inorgsnic,  cblorides, 
"^'^-  I         andKreaUne 2-5 

100-0 

It  is  obvious  that  in  order  to  study  with  success  the  soluble 
matters  not  coagulated  bv  heat,  we  must  operate  on  large 
quantities  of  flesh,  since,  ror  ezamnle,  10  lbs.  of  flesh  will  not 
yield  more  than  4  oz.  of  these  suostances,  among  which  are 
Ave  or  six  acids,  and  as  many  bases,  besides  chlorides  and 
kreatine.  Thus,  from  10  lbs.  of  beef,  only  about  60  grains  of 
kreatine  can  be  obtained. 

Kreatine.  This  substance  was  first  noticed  by  Chevreuil  in 
the  soup  or  extract  of  meat,  but  as  he  obtained  it  in  veiy 
small  quantity,  and  other  chemists  did  not  succeed  in  procuring 
it,  its  composition  was  unknown,  and  its  existence  was  even 
doubted,  as  an  ingredient  of  flesh,  Berzelius  having  suggested 
that  it  might  be  an  accidental  product  of  decomposition, 
liebig  showed  that  it  is  always  present  in  all  kinds  of  flesh, 
at  least  in  aU  those  tried  by  him,  namely,  in  the  flesh  of  the 
horse,  ox,  ox-heart,  sheep,  pig,  calf,  roe-deer,  hare,  marten,  red- 
deer,  fox,  fowl,  and  pike.  Sdilossbeiger  had  i^ortly  before 
obtained  a  trace  of  it  from  the  flesh  of  an  alligator,  although 
too  little  for  analysis,  and  I  have  since  found  it  in  the  flesh  of 
pif^eon,  skate,  cod  and  haddock.  Liebig  observed  that  when  the 
jmce  containing  it  is  evaporated,  the  kreatine  is  destroyed  or 
rendered  uncrystallisable  by  the  free  acid.  By  neutralising, 
therefore,  the  juice,  obtained  as  above  mentioned,  (after  heating 
it  so  as  to  coagulate  the  albumen,  and  separating  the  coagu- 
lated albumen  by  filtration),  with  baryta  water,  and  evapo- 
rating to  the  consistence  of  syrup  at  130 ""  or  140 "",  he  obtained 
the  kreatine  in  quantity  amply  sufiicient  to  allow  him  to  study 
ito  composition  and  characters.  The  following  table  contains 
his  results  and  my  own,  in  regard  to  the  preparation  of  kreatine 
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obtained  from  several  kinds  of  flesh.    It  will  be 
all  it  is  small,  vaiying  from  0-607  to  3*21  per  1000. 

Liebig. 
1000  port!  of  the  flesh  of  Fowl  yielded  of  Ereatine     .     3*20 

»  »  Ox-heart  '     »        «  .      .. 


Cod 

Pigeon 

Hone 

Ox 

Skate 

Haddock 


0-72 
0-697 


that  in 

f^- 

'  2-90 
1875 

'  1-418 
'0-936 

•   1-710 
0-825 


0-607 
1-504 


Fowl  yields  the  largest  proportion,  bnt  kreatine  is  obtained 
much  more  cheaoly  from  cod.  I  find  that  the  chopped  cod, 
well  mixed  with  little  more  than  its  own  weight  of  water,  and 
pressed  out,  yields  a  fluid,  which,  when  neutralised  (after  the 
coagulation  of  the  albumen)  by  baryta,  filtered  to  separate  the 
phosphate  of  baryta,  and  gently  evaporated  till,  on  cooling,  it 
forms  a  thin  jelly,  deposits,  on  standing,  kreatine  in  large 
ciystals,  nearly  pure.  In  one  experiment,  25  lbs.  of  cod 
yielded  164  grains;  in  another,  30  lbs.  yielded  356  grains. 
The  crystals,  by  one  recrystallisation  from  6  or  7  parts  of 
boiling  water,  are  rendered  quite  pure.  The  kreatine  obtained 
from  haddock  was  less  pure  than  that  from  skate  or  cod,  and 
was  evidently  mixed  with  a  less  soluble  matter,  the  nature  of 
which  I  have  not  had  time  as  yet  to  ascertain. 

Kreatine  forms  brilliant  hard  prismatic  crystals,  efflorescing 
at  212°,  very  soluble  in  hot  water,  less  so  in  cold  water, 
sparingly  soluble  in  alcohol.  It  is  neutoal,  and  its  fonnula  is 
C.  Na  H .  a  0«  =  Ca  N.  H9  0*  +  2  HO. 

By  the  action  of  acids,  kreatine  is  resolved  into  the  new 
base,  kreatinine  and  water  ;  and  by  that  of  bases  into  the  new 
base  sarcosine,  and  urea,  as  already  explained. 

Kreatine  has  been  discovered,  along  with  kreatinine,  in 
nrine^  Pettenkofer  obtained,  by  the  addition  of  chloride  of 
sine  to  a  concentrated  extract  of  urine,  a  ciystalline  precipitate, 
containing  chloride  of  zinc  and  an  ormxac  matter,  the  composi- 
tion of  which  he  found  to  be  Cs  Ns  Hs  Os .  Liebig  has  proved 
that  this  substance  is  resolved  by  the  action  of  alc6hol  into 
kreatine  C«  Na  Hi  i  0«,and  kreatmine  C«  Nj  Hr  Ot,and  that 
it  was  in  fact,  as  anal3r8ed  bv  Pettenkofer,  a  mixture  of  those  sub- 
stances, in  the  proportion  of  3  eqs.  of  the  latter  to  1  of  the  former. 
The  original  crystals  of  Pettenkofer  were  a  mixture  of  free 
kreatine,  with  a  compound  of  chlohde  of  zinc  with  kreatinine. 
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The  addition  of  chloride  of  anc  to  the  molher  liquor  which 
has  deposited  the  kreatine  from  the  juice  of  flesh,  fields  the 
compound  of  Pettenkofer,  so  that  kreatinine  exists  ready 
foimed  in  the  juice  of  flesh. 

Zocffc  iusid.  This  acid,  as  an  ingredient  of  the  juice  of 
flesh,  is  veiy  interesting;  and  it  is  remarkable  that  Liebu, 
who  demonstrated  its  absence  in  norq^  urine,  (in  which, 
according  to  C^p  and  Heuxy,  it  exists  in  combination  with 
urea,)  should  have  been  the  person  who  detected  it  in  flesh. 
It  is  present  in  laige  quantity,  and  occurs  as  abundantly  in  the 
flesh  of  carnivorous  as  in  that  of  herbivorous  animals.  Its 
origin  and  formation  in  the  former  is  not  yet  explained,  and  is 
a  problem  of  much  interest.  The  presence  of  lactic  acid  in 
the  juice  of  flesh  is  also  important,  as  readily  accounting  for 
its  presence  in  the  gastric  juice,  which,  as  we  have  seen,  is  also 
add.  The  lactic  acid  in  the  juice  of  flesh  is  obviously  con- 
sumed in  respiration,  as  will  be  explained  hereafter. 

Inotinie  acid.  This  acid  has  been  little  studied.  Its  for- 
mula is  Ct  0  N«  Hs  Oi  o,  HO,  and  it  fonns,  with  baiyta,  a  salt 
which  oystallises  in  silvexy  scales. 

Phoii^ane  acid.  This  add  exists  in  laige  proportion  in 
the  juice  of  fleshy  in  the  form  of  add  tribasic  phosphate  of 

potash^  POs  j  2  HQ I }  a  salt  which  is  always  produced  when 

phosphoric  add  is  made  to  act  on  chloride  of  notasdum  or  salts 
of  potash.  This  salt  is  strongly  add,  and  oiiefly  contributes 
to  the  addity  of  the  iuice.  It  is  most  important  and  worthy 
of  remark,  that  the  blood,  which  is  separated  from  the  juice  of 
flesh  onl^  by  the  finest  membianes,  cell  walls,  or  panetes  of 
vessels,  is  invariably  alkaline,  ccmtaining  the  common  phos- 
phate of  soda,  POs  I  jjQ^     I ,  a  salt  which  is  always  fbnned 

when  phosphoric  add  acts  on  chloride  of  sodium  or  salts  of 
soda,  and  which  is  strongly  alkaline. 

Here  we  observe,  first,  that  wtale  soda  is  essential  to  blood, 
potash  is  equally  essential  to  the  juice  of  flesh ;  secondly,  that 
m  these  two  fluids,  soda  and  potash  cannot,  as  in  so  mxaj 
other  cases  they  can,  replace  each  oth» ;  thirdly,  that  by  this 
anangement,  an  add  and  an  alkaline  fluid  are  constantly  in 
dose  vicinity  to  each  other,  separated  only  by  membrane,  at 
all  parts  of  Uie  body  ;  fourthly,  that  being  at  the  same  time  in 
contact  with  muscle  and  nerve,  the  conditions  of  electric 
currents  are  present ;  while  such  currents,  as  is  known,  have 
recently  been  proved  by  Matteucd  to  exist  Lastly,  that 
animals  cannot  fonn  blood,  unleas  their  food  contain,  along 
with  phosphates,  salts  of  soda,  or  at  least,  chloride  of  sodiam. 
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80  that  when  they  are  fed  <m  the  land  plants  of  certain  soils, 
in  which  sodium  is  nearly  absent,  common  salt  mnst  be  giyen 
to  them. 

The  fanction  of  the  phosphate  of  magnesia,  which  occnrs  in 
laige  quantity  in  the  juice  of  flesh,  is  not  yet  even  conjectured ; 
but  it  cannot  be  doubted  that  all  the  substances  present, 
w^Bode  as  well  as  inoiiganic,  have  each  a  special  part  to 
p^orm. 

SALr?A. 

The  chief  use  of  the  saliva  is  to  assist  in  digestion,  whether 
by  itself  containing  animal  matter  in  a  state  of  change,  or  by 
its  remarkable  power  of  inclosing  and  retaining  bubbles  of  air, 
the  oxygen  of  which  commences  the  change  necessary  to  diges- 
tion, on  coming  in  contact  with  the  food  or  the  stomach  and 
gastric  juice.  To  serve  this  purpose,  the  saJiva  has  a  very 
|reat  degree  of  viscidity,  so  that  it  froths  up  easily,  and  the 
nroth  does  not  fall  readily.  It  is  alkaline,  and  contains  hardly 
more  than  1  or  2  per  cent,  of  solid  matter,  partly  mucus,  partly 
the  usual  salts,  partly  a  peculiar  soluble  matter,  praline.  The 
salts  of  the  saliva  are  the  chlorides  of  potassium,  sodium,  and 
calcium,  some  potash,  and  soda,  with  a  large  proportion  of 
bone  earth.  It  appears  also  to  contain  a  trace  of  sulpnocyanide 
of  potassium :  at  least  it  reddens  with  persalts  of  iron ;  and 
although  acetates  do  this,  there  is  some  reason  to  ascribe  the 
effect  here  to  sulphocyanides. 

The  pancreatic  juice  resembles  saliva,  but  appears  to  be 
slightly  acid,  and  contains  8  or  9  per  cent,  of  solid  matter,  in- 
cluding ptyaline  and  a  matter  like  caseine.  This  juice  is  added 
to  the  chyme  in  its  passage  through  the  duodenum,  along  with 
the  bile  and  intestinal  mucus. 

BXORBMEMTS.      URINE. 

The  ehjrme,  after  receiving  the  pancreatic  juice,  the  bile,  and 
mucus,  passes  along  the  intestine,  where  the  absorbents  or 
lacteals  take  up  the  fluid  part,  leaving  the  insoluble  portions. 
The  chyle  or  absorbed  flmd  is  partly  conveyed  into  the  aln 
dominal  veins,  and  partly  made  to  pass  through  numerous  glands 
^in  which  process  it  loses  its  add  reaction,  becoming  alkaline), 
mm  which  it  proceeds  to  the  thoracic  duct,  and  is  then,  with 
the  Ivmph,  poured  into  the  vena  cava  to  mix  with  the  venous 

In  the  mean  time,  the  insoluble  parts  of  the  chyme  are 
rejected,  and  accumulate  in  the  laige  intestines,  various  gases 
being  disengaged,  such  as  carbonic  acid,  hydrogen,  carburetted 
hydvogen,  nitrogen,  and  sulphuretted  hydjfogen* 
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The  solid  excrements  of  man  contain  yeiy  little  matter  soluble 
in  water,  and  consist  of  woody  fibre,  with  fatty,  resinona,  and 
waxy  snbstances,  and  finally  the  insoluble  sidts  of  the  food, 
namely,  phosphates  of  lime  and;magnesia,  with  traces  of  soluble 
salts,  ana  some  silica. 

The  urine  of  man  contains  nrea  and  uric  acid,  also  hippnric 
acid,  kreatine  and  kreatinine,  and  other  organic  compounda 
very  imperfectly  known.  Its  add  reaction,  according  to  liebig, 
depends  on  ihehci  that  phosphate  of  soda  dissolves  uric  aiM 
bippuric  acids,  forming  an  acid  solution.    If  40  grains  of  dry 

phosphate  of  soda  l^Os  <  rj  q^     ( »  I-^  gruns  of  uric  add,  and 

15  gnina  of  bippuric  acid,  be  dissolved  in  I  lb.  of  hot  water,  a 
solution  is  formed  which  on  cooling  deposits  7-V  grains  of  uric 
acid,  and  the  remaining  liquid  forms  an  artificial  urine,  whicfay 
like  the  natural,  is  acid.  It  contains  also  phosphoric  acid> 
magnesia,  often  ammonia,  soda,  phosphate  of  sooa,  common 
salt,  sulphuric  add,  or  sulphate  of  soda,  in  fihort,  the  soluble 
salts  of  the  food,  along  with  sulphuric  add  formed  by  the 
oxidation  of  the  sulphur  of  the  tissues.  The  addition  of  ammonia 
to  urine  causes  a  predpitate  of  phosphate  of  lime. 

Fresh  urine,  filtered  (to  separate  mucus)  into  a  perfectly  clean 
vessel,  keeps  unchauged  for  weeks  or  even  months ;  but  if  in 
contact  with  decomposing  animal  matter,  the  urea  is  speedily 
transformed,  b^  putrefaction,  into  carbonate  of  ammonia,  while 
phosphate  of  lime  is  predpitated,  the  urine  becoming  strongly 
alkaline. 

The  urine  of  the  herbivora  contuns  much  uric  add,  also 
bippuric  add :  that  of  the  camivora  contains  more  urea^  and 
is  strongly  add :  uric  acid  predominates  veiy  greatly  in  the 
urine  of  birdSi  and  that  of  reptiles  is  nearly  pure  acia  urate  of 
ammonia. 

When  benzoic  add  is  administered  internally,  it  appears  in 
the  urine  as  hippnric  add,  which  latter  add  is  generally  present 
in  small  quantity  in  urine.  The  acid  reaction  of  human  urine 
is  not  owing  to  lactic  add,  as  was  formerly  supposed,  but 
to  free  uric  acid  dissolved  by  the  phosphate  of  soda.  The 
urine  is  sometimes  neutral,  and  always  becomes  alkaline, 
when  the  food  contains  salts  of  potash  or  soda  with  oxganie 
adds,  because,  the  acids  being  oxidised  in  the  body,  yield  car- 
bonates of  the  alkalies.  It  is  evident,  therefore,  that  by 
attention  to  diet,  the  urine  may  be  brought  into  any  deaiied 
condition. 

When  water,  or  a  very  weak  saline  solution,  is  taken  into 
the  stomach  in  large  quantities,  it  is  rapidly  absorbed  by 
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endoemoBKB,  and  the  urine  becomes  more  and  more  diluted,  till 
at  last  it  resembles  the  water  that  has  been  taken.  Bat  if  a 
solution  containing  as  much  saline  matter  as  the  blood,  or  a 
little  more,  is  taken  into  the  stomach,  it  is  not  absorbed,  and  the 
stomach  becomes  so  loaded  that  the  experiment  cannot  be  con- 
tinued. If,  again,  the  solution  be  much  stronger,  the  water  of 
the  blood  passes  outwards  by  exosmosis,  and  produces  diarrhosa. 
This  explains  the  puigatiTe  action  of  neutral  salts,  which  Ib  well 
exemplified  by  sprinkling  salt  on  a  portion  of  fresh  membrane 
such  as  bladder,  or  on  meat,  both  of  which  yield  water  and  are 
soon  swimming  in  brine. 

The  salts  of  the  urine  and  of  the  excrements,  bdng  dsriTed 
directly  from  the  food,  vary  accordine  to  its  nature,  the  soluble 
inorganic  salts  of  the  food  lieing  found  in  the  urine,  {he  insoluble 
salts  in  the  excrements.  Thus,  the  ashes  of  the  food  of  the 
camiyora  contain  no  carbonates,  but  are  rich  in  phosphates,  and 
such  also  is  the  case  with  the  salts  (or  ashes)  of  their  excreta, 
liquid  or  solid.  In  &ct,  if  we  know  the  nature  and  composi- 
tion of  the  ashes  of  the  food,  we  can  tell  at  once  the  salts  of 
the  urine.  In  an  adult  animal,  the  quantity  of  salts  excreted 
is  precisely  equal  to  that  contained  in  the  ingesta,  and  therefore, 
by  altering  the  food  we  can  alter  at  pleasure  the  nature  of  the 
salts  in  the  urine. 

As  an  example,  we  may  here  adduce  the  case  of  the  horse^ 
which  animal  consumes,  in  his  food,  a  certain  quantity  of 
mineral  substances,  derived  ultimately  from  the  soil : — 

THE  HOfiSB 


Cosrames  of  Minenl  BalMtenoes, 

EzeniM  of  Ulnena  Snbftaocw, 

In  15  lbs.  of  hAj,  18*611 
In4-541bs.ofoata,  2*46  ^21*49 
In  water    .         •    0*42  J 

OL 

In  the  urine       .     8*51  Ioi.qt 
InthefiBces       •18-86/^*'*' 

The  above  result  is  one  obtained  by  actual  and  very  careful 
exi>eriment,  and  the  nature  of  the  salts  is  found  to  be  the  same, 
as  indeed  must  obviously  be  the  case,  as  long  as  the  animal 
does  not  change  its  weight.  A  ^wing  animal  will  retain  the 
phosphates  in  part  to  aid  in  forming  bone,  and  an  old  or  wasting 
animal  will  give  out  more  salts  than  are  taken  in. 

It  is  obvious  that  analyses  of  urine  or  excrement  are  un- 
necessary if  we  can  examine  the  food ;  and  that  in  general 
they  must  be  useless,  since  we  can  never  expect  the  same  result 
twice,  unless  where  the  food  is  not  varied. 
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The  excrements,  according  to  Liebig,  represent  the  incom- 
bastible  and  nnbnmed,  or  pvtiallj  bnmed  ingredients  of  the 
food,  and,  if  we  view  the  body  as  a  famace,  in  which  the 
animal  heat  is  produced  by  the  oxidation  or  combnstion  of  the 
food,  they  coirespond  to  the  soot  and  ashes  of  a  conunon  fixe. 
That  they  contain  partially  oxidised  matter  is  proved  by  the 
&ct,  recently  observed  by  liebiff,  that  the  albnminona  com- 
pounds,  when  partially  oxidised  by  fusion  with  potash,  yield, 
on  the  subsequent  addition  of  an  add,  volatile  matters  pos- 
sessing, according  to  the  albuminous  substance  onployed,  the 
peculiar  odours  which  characterise  the  fisDces. 

OuanOf  so  highly  prized  as  a  manure,  is  the  decayed  excre- 
ment of  sea  fowls,  which  was  originally,  like  that  of  reptiles, 
and  indeed  also  of  birds  in  general,  mixed  urine  and  fmce»y  the 
urine  being  solid  or  semisolid,  and  consisting  of  nmte  of 
ammonia.  It  varies  much  in  the  proportions  of  its  ingredients, 
both  because  the  original  excrement  must  have  varied  according 
to  the  food  of  the  birds  in  different  places,  and  also  because 
some  specimens  have  not  been  so  long  exposed  to  ait  and 
moisture  as  others,  and  some  are  almost  fresh.  Thus  some 
^uano  contains  upwards  of  30  per  cent,  of  uric  acid,  while 
m  other  specimens  hardly  a  trace  of  that  acid  is  left  The 
better  qualities  of  guano  contain  much  ammonia,  partly  free 
or  as  carbonate,  as  proved  by  its  odour,  partly  combined, 
as  sal  ammoniac,  oxalate,  urate,  and  phosphate  of  ammo- 
nia, and  magnesia.  They  also  contain  phosphate  of  soda 
and  much  phosphate  of  lime,  the  latter  being  derived  from  the 
bones  of  the  nsh  on  which  the  birds  fed.  There  are  also 
found  sulphate  of  potash  and  soda,  and  oxalate  of  lime, 
in  guano.  The  remainder  is  water,  and  a  brown  matter  like 
humus. 

It  is  easy  to  see  that  guano  must  act  chiefly  as  a  source  of 
ammonia  and  of  earthy  and  alkaline  phosphates,  so  valuable  to 
growing  plants,  especially  to  those  cultivated  for  food ;  and 
that  its  value  depends  venr  much  on  the  amount  of  phosphates 
it  contains.  But  while  the  value  of  guano  is  unquestionable, 
let  us  not  Overlook  the  fact,  that  while  we  are  ransacking  the 
most  remote  islands  for  guano,  that  substance  supplies  us  with 
nothing  but  the  mineru  salts  and  the  ammonia  which  have 
formed  crops  of  vegetables  and  races  of  animals  at  some  former 
period,  and  that  it  differs  in  no  essential  point  from  the  fredi 
or  modem  excreta  of  man  and  animals  nearer  home,  which 
excreta,  at  least  those  of  man,  the  most  valuable  of  all,  we 
allow  to  be  carried  into  the  sea  in  quantities  which  mav  be 
measured  by  the  food  we  consume.    In  fact  we  take  out  of  the 
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sea,  in  the  shape  of  guano,  only  part  of  what  we  throw  into  it 
in  the  contents  of  onr  common  sewera.  These  valuable 
matters,  instead  of  being  carefully  collected  and  preserved,  as 
in  China,  are  sent  to  form  ihe  food  of  sea  plants :  on  these 
plants  animals  feed,  which  animals  serve  as  food  to  fish.  The 
fish  are  consumed  by  sea  fowl,  and  we  recover  in  their  excre- 
ment a  part  of  what  we  are  constantly  throwing  away. 
Another  part  of  what  we  lose  we  recover  in  this  country,  at  a 
great  expense,  in  the  shape  of  bone-earth,  which,  however, 
must  be  taken  from  other  countries.  We  dball  return  to  this 
subject :  meanwhile,  let  us  express  a  hope  that  Europe  will  at 
length  follow  generally,  as  in  some  districts  it  has  done,  the 
rational  example  set  by  the  eminently  practical  Chinese,  of 
restoring  to  the  soil,  as  nearly  as  possiole,  in  the  shape  of 
excreta,  what  we  take  from  it  in  our  crops  and  cattle,  and  thus 
keeping  up  its  fertility. 

URINART  CALOXTLI. 

These  are  of  various  kinds,  according  to  the  peculiar  condi- 
tion of  the  urine. 

Uric  acid  ealcuhu  is  the  most  frequent,  being  the  usual 
deposit  when  the  urine  is  acid.  Its  origin,  as  a  calculus  or 
deposit,  that  is,  in  abnormal  quantity,  is  owio^  to  deficient 
aeration,  much  oxygen  being  reouired  to  resolve  it  into  soluble 
compounds,  such  as  urea,  carbonate  of  ammonia,  or  even 
oxahc  acid.  Hence  sedentary  habits,  highly  carbonised  food, 
and  indulgence  in  strong  wine,  all  favour  its  production  :  the 
first  by  diminishing  the  supply  of  oxygen,  the  two  latter  causes 
by  seizing  on  the  oxygen  to  the  exclusion  of  the  uric  acid.  It 
is  easily  recognised  by  the  action  of  notash,  which  dissolves  it, 
And  forms  a  solution  from  which  acids  precipitate  uric  acid :  or 
by  nitric  acid,  which  dissolves  it  with  effervescence,  and 
jrields,  on  evaporation  of  the  solution,  a  deep  red  stain,  becoming 
purple  with  potash.  Uric  acid  calculus  is  commonly  tinged 
more  or  less  red  or  brown.  When  pure  it  is  entirely  dissipated 
before  the  blowpipe. 

Urate  of  ammonia  also  occurs,  and  is  distinguished  from  uric 
acid  by  disengaging  ammonia  when  dissolved  in  potash. 

Phosphate  of  lime  is  veiy  frequent  when  the  urine  is  neutral 
or  alkaUne.  It  is  white  and  earthy,  soluble  in  nitric  acid,  and 
precipitated  by  ammonia.    It  is  fixed  in  the  fire. 

Phogphate  of  ammonia  and  ma^eeia  is  also  pretty  frequent 
It  dissolves  easily  in  acetic  acid,  and  when  heated  gives  off 
Ammonia,  leaving  a  solid  mass  soluble  in  acids. 
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FmihU  eakuim  is  a  mixtiire  of  the  two  preoediiig.  It  melti 
readily  before  the  blowpipe. 

Oaalaie  of  lime  constitates  the  mulbeny  calcnlas,  and  often 
appean  as  minate  CTystals  in  the  urine.  When  heated,  it  leaTes 
carbonate  of  lime;  or  if  heated  in  a  tube  with  oil  of  vitriol,  it 
giyes  off  carbonic  oxide.  It  dissolves  in  adds,  and  is  precipi- 
tated by  alkalies. 

Carionate  of  Ume  occasionally,  bat  very  rarely,  constitntes  a 
nrinary  calculus,  easily  reo(M;ni8ed  by  the  action  of  hydrochloric 
acid,  which  dissolves  it  with  effervescence,  and  by  a  red  heat, 
which  leaves  quicklime. 

C^Hie  oxide  or  tystine,  and  xatUhie  oxide^  are  very  rare 
calculi.  Their  characters  and  composition  have  been  given 
under  Uric  Acid, 

LYMPH. 

This  fluid  may  be  looked  on  as  blood  devoid  of  its  colouring 
matter.  When  drawn  from  the  vessels,  it  coagulates  like  blood, 
from  the  separation  of  fibrine ;  and  the  liquid  in  which  the 
coagulnm  has  formed  itself,  coagulates,  when  heated,  like  the 
serum  of  the  blood.  Human  lymph  contains  about  96  per  cent, 
of  water,  and  variable  proportions  of  albumen,  fibnne,  and 
salts,  the  salts  amounting  to  nearly  2  per  cent. 

BLOOD. 

This  important  fluid^  from  which  the  whole  animal  bodjr  is 
formed,  and  hj  which  it  is  supplied  and  nourished,  is  a  thick, 
somewhat  viscid,  alkaline  liquid,  of  a  slight  saline  taste,  and  a 
peculiar  &int  odour.  It  is  deep  red  and  opaque,  and  has  a 
density  of  1-0627  to  1-067. 

It  is  made  u^  of  an  immense  number  of  akIMes  or  flattened 
disks,  floating  m  a  limpid  yellowish  fluid.  Wlien  drawn,  it 
soon  coagulates,  forming  a  trembling  jelly,  which  graduaJly 
contracts,  expressing  a  3rellowi8h  liquid,  we  mtimm,  which  is 
occasionally  turbid,  and  is  alwa3rs  alkaline  to  test  paper,  and 
saline  to  the  taste. 

The  coaj^ation  consists  in  the  separation  of  the  fibrine  pre- 
viously dissolved,  which,  owing  to  some  unknown  cause, 
assumes  the  insoluble  state,  forming  a  fine  network  or  jell^,  in 
which  the  globules  are  inclosed.  If  the  blood  be  beaten  with  a 
rod,  the  fibrine  separates  perfectly  and  adheres  to  the  rod  ;  but 
it  is  in  the  form  of  white  filaments,  and  the  globules  remain 
suspended  in  the  serum,  no  jelly  whatever  being  formed  in  this 
case.  Or  if  the  fresh  blood  be  mixed  with  8  times  its  bulk  of 
solution  of  sulphate  of  soda,  no  coagnlum  is  formed,  the  fibrine 
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renudns  dissolyed,  and  a  sediment  is  deposited  whicli  contains 
the  ffloboles  unaltered. 

The  red  ff lobules  thus  prepared  may  be  collected  in  a  filter. 
Pare  water  added  to  them,  or  to  the  coagalom  of  blood,  rapidly 
alters  their  form,  and  in  fact  dissolves  them  into  an  ojpaqne 
liquid.  This  action  of  water  is  thus  explained:  ^e  globules  are 
formed  of  a  thin,  colourless,  and  transparent  coat,  inclosing  a 
yezy  soluble  colouring  matter.  They  float  in  a  saline  liquid,  in 
which  there  is  equilibrium  between  the  contents  of  the  globules 
and  the  fluid  surrounding  them.  But  when  the  latter  is  diluted 
with  water,  the  equilibrium  is  disturbed,  and  endosmosis  takes 
place,  by  which  tne  contents  of  the  globules  acquire  so  greatly 
increased  a  volume,  that  the  globules  burst  and  their  contents 
are  dissolved  in  the  water.  The  torn  membranes  of  the  globules 
may  be  detected  by  the  microscope. 

In  saline  solutions,  the  globules  do  not  absorb  water  any 
more  than  in  the  serum.  When  collected  in  a  filter,  the  glo- 
bules form  a  red  mass  of  the  consistence  of  honey,  consisting  of 
fibrine  and  albumen,  the  latter  in  combination  with  the  colour- 
ing matter.  In  a  concentrated  solution  of  chloride  of  calcium, 
the  globules  lose  water  by  exosmosis,  and  contract  in  volume. 
If  now  placed  in  pure  water,  the  globules  again  swell,  and 
burst,  forming  a  jelly  which  dissolves  in  water.  The  solution, 
on  standing,  deposits  fibrine  in  white  membranous  masses,  and 
the  supernatant  liquid,  when  boiled,  is  coagulated,  indicating 
the  presence  of  albumen. 

The  colouring  matter  of  the  blood  is  contained  in  the  globules 
in  combination  with  albumen,  but  is  unknown  in  a  state  of 
purity.  The  compound  of  albumen  and  colouring  matter  is  of 
a  deep-red  colour,  becoming  bright  in  contact  with  air  or 
oxygen,  and  beiug  rendered  nearly  black  by  carbonic  and  sul- 
phurous acids,  sulphuretted  hydrogen  and  snlphurets.  Prot- 
oxide of  nitrogen  gives  it  a  purple  colour. 

The  red  compound  gives  2  per  cent  of  ashes,  of  which  ^  is 
peroxide  of  iron ;  and  iron  is  uniformly  present  in  red  blood, 
which  is  the  only  animal  product  in  which  it  occurs.  This  iron 
cannot  be  detected  in  the  globules  or  their  contents  by  the  usual 
tests,  but  after  passing  chlorine  through  the  red  solution  till  the 
colour  is  destroyed,  the  iron  may  be  detected  by  ferrocyanide  of 
potassium.  • 

When  the  red  compound  of  albumen  and  colouring  matter 
above  mentioned  is  moistened  with  oil  of  vitriol,  so  ^dually  as 
not  to  become  warm,  a  pasty  mass  is  obtained,  which  attracts 
moisture  from  the  air  and  forms  a  red  jelly.  If  this  be  very 
gradually  rubbed  pp  with  pure  water,  it  contracts  into  a  dark-red 
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matter,  vliich  is  anrrtmnded  with  a  coloailess  or  yellowtah 
liquid.  This  liquid  is  found  to  contain  all  the  iron,  and  the 
diurk  matter,  when  calcined,  leaves  a  white  ash  entirely  free 
from  iron,  if  the  operation  has  been  well  performed.  I  have 
repeated  this  interesting  experiment,  first  devised,  I  believe,  by 
SuiBon,  which  proves  that,  although  the  red  compound  contains 
iron,  yet  the  colour  does  not  necessarily  depend  on  that  metal ; 
for  the  colour  is  altogether  uninjured  by  the  complete  removal 
of  the  iron  just  described,  although  the  colouring  mailer 
actually  obtained  in  this  experiment  is  not  the  original  colouring 
matter  of  the  blood,  but  modified. 

TheHematosine  of  Lecanu  is  also  a  product  of  decompositson. 
It  is  prepared  by  means  of  diluted  sulphuric  add,  aloQnol,  and 
ammonia,  b^  a  tedious  process.  It  is  dark-brown,  and  forms  red 
solutions  with  the  alkalies,  being  insoluble  in  water,  alcohol, 
and  ether.  It  contains  part  of  ttte  iron  of  the  blood,  bat  as 
some  kinds  of  hematosine  contain  ^  or  4-  mofe  iron  than  others, 
while  its  properties  continue  the  same,  it  is  obvious  that  the 
iron  does  not  contribute  essentially  to  those  properties,  sndi  as 
the  colour.    Hematosine  contains  6  to  8  per  cent  of  iron. 

But  the  iron  serves  an  important  purpose  in  the  blood ;  and 
we  have  reason  to  think  that  it  is  present  in  the  form  of  oxide, 
for  sulphuretted  hydrogen  and  soluble  sulphurets  cause  the 
blood  to  become  first  green  and  then  black,  owing  to  the  forma- 
tion of  sulphuret  of  iron— a  character  indicating  eith^  the 
oxide  or  some  corresponding  compound,  and  not  a  compoond 
like  ferrocyanogen,  in  which  the  sulphurets  cannot  detect  the 
iron.  Moreover,  we  see  that  oil  of  vitriol  dissolves  out  oxide 
of  iron ;  and  although  allodies  and  feirocyanide  of  potassium 
do  not  detect  it,  this  is  owing  to  the  blood  being  an  alkaline 
liquid,  and  to  the  presence  of  so  much  animal  matter. 

It  is  from  the  blood  that  are  fonned  the  tissues,  the  cells, 
muscular  fibre,  nervous  matter,  &c.,  tc ;  and  we  may,  there- 
fore, expect  to  find  some  relation  between  their  composition 
and  that  of  the  blood.  In  fact,  flesh,  <a  muscular  fibre,  as  it 
exists  in  the  body,  including  vessels,  nerves,  fat,  &c.,  has  exactly 
the  same  composition  as  the  blood  has  on  an  average  of  venoms 
and  arterial,  or  a  mixture  of  both.  We  may,  therefore,  look 
on  muscular  fibre,  or  animal  flesh,  as  simply  blood  more  highly 
organised. 

In  addition  to  the  substances  mentioned  above,  namely, 
albumen,  fibrine.  colouring  matter,  and  salts,  blood  also  contains 
fat,  apparently  cnolesterine,  along  with  fattyacidsanda  peeuHar 
fat,  called  seroline. 

The  normal  proportions  of  serum  and  clot  are  87  per  cent,  of 
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seram  to  13  of  clot.  1000  parts  of  Imman  blood  contain  809-15 
of  serum,  of  wluch  790'37  are  water,  67*8  albumen,  and  10'98 
are  salts  and  fatty  matter:  along  with  130*85  of  clot,  contain- 
ing 125*63  albumen  andfibrine  of  the  globules,  and  2*27  hem»- 
iosine  (a  little  fiettty  matter  and  traces  of  salts  being  present 
in  all  three),  also  2*95  of  fibrine,  separate  from  the  globules. 

Venous  blood  contains  more  water  and  fewer  globules  than 
arterial  blood. 

The  blood  contains  gases,  chiefly  carbonic  acid  and  nitroffen, 
which  it  gives  oS  in  vacuo,  or  in  a  current  of  hydrogen.  It  is 
said  to  contain  free  oxygen,  but  this  seems  very  improbable, 
when  we  reflect  that  fibrine  al^sorbs  oxygen,  transforming  it 
into  carbonic  acid,  and  that  blood  is  instanUy  altered  by  contact 
with  oxygen.  The  change  from  venous  to  arterial  blood,  from 
dark  to  florid,  depends  on  the  presence  of  oxygen,  but  also 
requires  the  presence  of  a  saline  solution.  Indeed,  a  similar 
change  of  colour  takes  place  in  vacuo  if  the  clot  of  venous  blood 
be  there  covered  with  a  pretty  strong  solution  of  various  salts. 

One  chief  function  of  the  blood  is,  after  conveying  oxygen 
to  all  parts  of  the  system,  to  carry  to  the  lungs,  there  to  be 
exhaled,  the  carbonic  acid  formed  in  the  extreme  vessels.  For 
this  purpose  it  is  admirably  adapted,  from  the  fact  that  it  is 
alkalme,  and  that  its  alkalmity  depends  on  the  phosphate  of 

soda,  POs    I  u  Q       I  9  A  ^^  ^®  solution  of  which  absorbs 

carbonic  acid  better  than  a  solution  of  carbonate,  and,  when  in 
contact  with  air  or  oxygen,  gives  off  the  whole  of  it,  whereas  a 
carbonate,  if  it  absorbed  as  much,  would  give  up  only  half  of 
the  quantity  absorbed.  This  important  property  of  phosphate 
of  soda  has  recently  been  demonstrated  by  I^ebig ;  and  we  can 
now  see  why  potash  cannot  replace  soda  in  the  blood,  since  the 

tendency  of  potash  is  to  form  an  acid  phosphate,  POs  <  »  jjq  (  • 

Liebiff  and  Enderlin  have  also  proved  that  the  blood  does  not, 
as  had  been  asserted,  contain  carbonate  of  soda. 

THS  NUTRITION   OF   PLANTS   AND   ANIMALS. 

The  animal  and  vegetable  kingdoms  of  nature  are  connected 
together  in  a  beautiful  system  of  mutual  dependence,  exhibiting 
a  perpetual  circulation  of  certain  elements  through  both,  the 
mmeral  kinj^dom  being  the  point  of  departure  and  that  also 
where  the  circulation  terminates,  to  recommence  unceasingly. 

Plants  derive  their  nourishment  exclusively  from  the  mineral 
world.  It  is  clear  that  the  first  plants  must  have  done  so  ;  and 
although  Uie  decaying  remains  of  former  plants  now  contribute 
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to  yegetatioa,  we  shall  see  that  they  do  so  ander  mineral  foims, 
ADd  not  essentially :  they  promote  vegetation^  but  are  not  indis- 
pensable to  it. 

The  mineral  food  of  plants,  then,  consists  of  carbonic  acid, 
water,  and  ammonia,  all  of  which  are  obtained  from  the  atmo- 
sphere, and  of  sulphur  (sulphuric  acid),  phoaphorus  (phosphoric 
acid),  alkalies,  earths,  salts,  and  metals,  all  derived  from  the 
soil.  Without  the  aid  of  Uie  matters  derived  from  the  sofl, 
the  most  abundant  supply  of  carbonic  acid^  water,  and  ammonia, 
is  of  no  use.  But  if  a  soil  contain  these  necessaxy  substances, 
plants  will  thrive  in  it,  even  if  thev  have  no  carbonic  acid  or 
ammonia  furnished  in  the  shape  of  manure  beyond  the  nsual 
atmospheric  supply. 

Durinff  germination,  oxygen  is  absorbed  and  carbonic  add 
producea:  starch  is  transformed,  probably  by  the  action  ctf 
diastase,  or  of  an  acid  developed  auring  germination,  into  sugar 
or  dextrine,  which  being  soluble,  are  fitted  for  being  oonve^sd 
to  all  parts  of  the  plant.  Meanwhile  the  azoto-sulphunsed 
ingredients  of  the  seed  also  become  soluble,  and  with  the 

X,  &c.  contribute  to  the  formation  of  new  parts  destined  to 
:t  food  from  the  air  or  the  soil. 

The  leaves  and  roots,  as  soon  as  formed,  absorb  carbonic  acid 
from  the  air  and  from  the  soil.  Alkalies  are  at  the  same  time 
taken  up  b^  the  roots,  and  with  their  aid  the  carbonic  add, 
under  the  mfluence  of  light,  is  decomposed,  its  carbon  bdng 
retained,  while  its  oxygen  is  given  off.  At  the  same  time, 
water,  ammonia,  sulphuric  add  (or  a  sulphate),  and  phosphoric 
acid  or  phosphates  are  taken  up,  and  their  elements,  along 
with  the  carbon,  give  rise  to  fibrine,  albumen,  caseine,  ^c 

It  is  probable  that  the  fixation  of  carbon  is  a  gradual  pioeess, 
having  successive  stages;  that  the  carbonic  add  is  first rednced 
or  deoxidised  so  far  as  to  yield  oxalic  add;  thus  Ct  O4 — >0  = 
CsOa;  that  oxalic  acid,  with  the  aid  of  water,  is  farther 
reduced,  so  as  to  yield  malic  or  citric  or  tartaric  add  ;  thus, 
C4  0«+2H0=C4H.0.;andC*H,0e  — 0«  =  C4H.04; 
this  last  formula  doubled  is  that  of  anhydrous  malic  add.  Cb 
H4  Os.  From  this  and  similar  compounds,  sugar,  Ci  a  Hi  •  61 », 
starch,  CiaHioOio,  gum,  dsHioOio,  and  woody  Sbte^ 
Ci  a  H9  O9  or  €34  Hat  Oaa,  are  easily  deduced,  by  the  addi- 
tion of  the  elements  of  water  and  the  elimination  of  oinrgen. 
Thus,  3  eq.  hydrated  malic  acid,  Ct «  H 1  •  0 s  o,  plus  6  H  O  and 
minus  0 1 9,  is  equal  to  2  eq.  diy  sugar  of  grapes,  C«  «  H  t «  O*-*. 
There  is  good  reason  to  think  that  the  chief  function  of  the 
alkalies  in  plants  is  to  promote  these  metamorphoses. 

Water  not  only  acts  by  its  elements,  but  tlao  as  the  indis- 
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pensable  Bolyent  throDsh  which  the  whole  food  of  plants, 
especially  that  derlTed  from  the  soil,  can  alone  enter  tiiem. 

From  the  aboTe  considerations  we  may  draw  several  nsefnl 
inferences. 

1.  The  presence  of  decaying  ratable  matter  in  the  soil 
promotes  veffetation  by  fonushing  a  steady  supply  of  carbonic 
acid  gas.  The  proportion  of  decaying  matter  or  humns  must  not 
exceed  a  certam  limit;  otherwise  &ere  is  too  mnch  carbonic 
add  in  the  air  of  the  soil,  and  the  plant  dies  in  such  circum- 
stances. 

2.  The  presence  of  decaying  azoto-snlphniised  matter  in  the 
soil  is  very  advantageons,  famishing  a  supply  of  ammonia, 
which  is  essential  to  vegetation,  and  is  scantily  supplied  by  the 
atmosphere. 

3.  The  supply  of  carbonic  acid  anH  of  ammonia  can  only 
favour  the  development  of  vegetation  in  so  feir  as  alkalies, 
silica,  phosphates,  and  sulphates  are  supplied  by  the  soil. 

4.  Smce  all  the  azotoHsulphurised  principles,  albumen,  fibrine, 
caseine,  &;c.,  contain  sulphur  and  pnosphorus,  or  rather  phos- 
phates, it  is  evident  that  seeds  and  such  other  parts  of  plants 
as  contain  these  principles  can  only  be  developed  in  so  far  as 
the  soil  contains  alkabne  or  earthy  phosphates  and  sulphuric 
acid  or  sulphates. 

5.  If  the  soil  be  rich  in  alkalies,  sulphates,  and  phosphates, 
and  if  it  also  contain  soluble  dlicates,  essential  to  the  stem  of 
the  grasses  and  cerealia,  it  is  fertile  for  all  nutritious  crops ;  and 
such  crops  will,  in  that  case,  derive  from  the  atmosphere  alone 
all  the  carbon  and  nitrogen  (carbonic  acid  and  ammonia)  they 
require,  prwrided  time  he  allowed.  The  advantage  of  decaying 
organic  matter,  or  of  manures  containing  ammonia,  in  such  a  soil, 
consists  in  shortening  the  time  necessary  for  the  development 
of  the  plant ;  a  matter  of  the  last  importance  in  our  uncertain 
climate,  but  of  fiir  less  consequence  in  southern  regions,  where 
summer  is  perhaps  twice  as  long. 

6.  The  ashes  of  wood,  straw,  leaves,  &c.,  consisting  entirely 
of  matter  extracted  from  the  soil  by  the  plants  for  the  purposes 
of  vegetation,  must  prove  a  most  fertilising  manure :  and  m  all 
cases  the  ashes  of  any  crop  must  be  the  best  manure  for  that 
v^etable. 

7.  But  as  the  ashes  of  plants  are  represented  by  the  excreta 
of  the  animals  (or  the  ashes  of  these  excreta)  which  fed  on 
them,  so  the  excreta  of  animals  fed  on  turnips,  hay,  straw, 
potatoes,  &c.,  must  be  the  best  manure  for  turnips,  hay,  corn, 
and  potatoes  respectively. 

8S2 
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8.  When  by  the  addition,  to  an  average  soil,  of  gnano,  or  of 
bone  earth,  a  veiy  heavy  crop  is  obtained,  say  of  wheat,  we  are 
not  to  expect  that  a  repetition  of  the  same  treatment  will  prodnoe 
the  same  effect.  We  most  bear  in  mind,  that  the  presence  of 
the  increased  sapply  of  phosphates  has  enabled  the  plant  to  take 
np  a  much  larger  quantity  than  otherwise  it  could  have  done,  of 
alkalies,  silicates,  and  the  other  necessary  minerals.  Since  we 
have  not  added  those  substances  in  our  guano  or  bone  earth,  it 
ma]^  happen  that  the  soil  is  exhausted  of  its  whole  actually 
available  supply  of  them  by  that  one  crop,  and  that  years  may 
elapse  before  it  becomes,  in  the  course  of  nature,  as  fertile  as 
beiore. 

9.  The  only  certain  rule  is  this :  as  far  as  possible  to  restore 
to  the  soil,  in  the  shape  of  manure,  exactly  what  it  has  lost  in 
the  crop ;  if  the  soil  were  originally  fertile  uiis  will  maintain  its 
fertility,  which  will  even  be  ffraduallv  augmented  by  the  action 
of  the  weather  on  the  soil  and  subsoil. 

10.  With  a  view  to  this,  everv  particle  of  solid  or  liquid 
manure,  especially  human,  should  be  |>re8erved  with  the  utmost 
care.  It  is  their  mineral  elements  which  are  the  most  valuable ; 
and  since  these  have  all  come  from  the  soil,  in  preserving  them 
for  manure  we  are  only  reetorine  what  we  have  taken  away. 
This  has  long  been  systematically  done  in  China,  and  is  also 
generally  practised  in  the  Netherlands  ;  but  in  this  country  the 
waste  of  ^muable  manure  is  lamentable,  and  is  necessarily  fol- 
lowed by  a  slow  but  certain  deterioration  of  our  soil  and  crops, 
which  we  are  now  endeavouring  to  remedy  by  the  expensive, 
precarious,  and  partial  measure  of  importing  bone  eailh  and 
guano.  But  guano  will,  ere  long,  be  exhausted ;  and  when  other 
countries  know  the  real  value  of  their  bone  earth,  they  will 
not  willingly  part  with  it,  at  all  events  not  except  at  a  very 
high  price. 

11.  If  a  soil  is  not  fertile  generally,  it  must  be  deficient  in 
most  of  the  substances  above  alluded  to ;  but  if  it  yields  good 
crops  of  one  ve^table  and  not  of  others,  it  must  be  wantii^  in 
the  characteristic  mineral  elements  of  the  latter,  which  must 
then  be  supplied. 

12.  The  ashes  of  plants  being  known,  the  fact  that  a  certain 
vegetable,  cultivated  or  wild,  thrives  in  any  given  spot,  furnishes 
us  with  an  analysis  of  the  available  or  soluble  elements  of  the 
soil,  and  enables  us  to  direct  our  measures  of  improvement 
according  to  the  crop  we  wish  to  raise. 

Although  certain  bases  characterise,  the  ashes  of  certain  plants, 
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as  potash  does  those  of  tarnips  and  potatoes,  and  lime  thosd  of 
peas,  beans,  &c. ;  yet  in  many  cases,  one  base  may  be  snbstitnted 
for  another,  as  sodia  for  potash,  or  magnesia  for  Ume. 

It  is  maintained  by  some  that  carbon  is  introduced  into  plants* 
in  part,  as  humus,  hnmicacid,  or  humate  of  ammonia,  diwolyed 
in  the  juice,  and  deriyed  from  the  mould  in  the  soil.  But  there 
is  no  eyidence  that  fertile  soils  contain  humus  in  a  form  soluble 
in  water,  and  the  sap,  when  first  entering  the  plant,  is  colourless, 
while  all  solutions  of  humns,  &c.,  are  brown.  Besides,  in  forest 
land,  which  is  not  manured,  the  proportion  of  humus  or  of 
carbon  in  the  soil,  instead  of  diminisning,  rather  increases,  while 
enormous  ouantities  of  carbon  are  removed  annually  in  the  shape 
of  wood.  Here,  as  in  the  case  of  the  first  ye^tables,  it  is  plain 
that  all  the  increase  of  carbon  must  be  denyed  from  carbonic 
acid ;  since,  if  the  plant  does  absorb  humus  or  humic  acid,  or 
humate  of  ammonia,  which  there  is  no  proof  that  it  does,  it  must 
cive  to  the  soil  as  much  or  more  humus^  &c.,  as  an  excretion 
nom  its  roots. 

It  has  also  been  aigued  by  some  that  plants  may  obtain  their 
nitrogen,  either  directly  by  absorption  of  the  nitrogen  of  the 
atmosphere,  or  by  causing  that  gaa  to  form  anunonia,  combining 
with  hydrogen  deriyed  probably  from  water,  &c. ;  or,  lastly, 
from  the  decomposition  of  nitric  acid,  which  acid  is  supposed  to 
be  formed  in  the  atmosphere  by  direct  combination  of  its  ele- 
ments. But  no  eyidence  has  ever  been  given,  either  that  plants 
can  absorb  nitrogen  directly,  or  that  they  can  cause  the  nitrogen 
of  the  atmosphere  to  combine  with  hydrogjen.  As  for  nitric  acid, 
although  traces  of  it  have  been  observed  in  thunder-storms,  it 
does  not  appear  to  be  fonned  in  sufficiently  laige  quantity  ;*  and 
if  it  were,  no  proof  has  yet  been  offered  that  plants  can  derive 
their  nitrogen  from  it.  The  action  of  nitrate  of  potash,  or  of 
soda,  as  manure,  proves  nothing,  because  it  may  be  due  to  the 
alkalies  alone,  and  probably  is  so,  since  they  do  not  seem  to  act 
better  than  other  salts  of  the  same  bases.  Moreover,  many 
plants,  such  as  tobacco,  and  sunflower,  contain  much  nitrate 
in  their  juices,  and  therefore  appear  rather  to  form  nitric  acid 
than  to  destroy  it.    On  the  whole,  it  appears  nearly  certain  that 

*  In  fuif  the  proportion  of  nitric  add  thni  fi)nned,ii  lo  veiy  fmaU  as 
to  lead  to  the  eondotion  that  it  ii  fonned  only  from  the  ammonis  present 
in  the  atmosphere.  Should  this  proTO  true,  as  is  highly  probable,  then 
ammonia  wiU  be  the  sooice  of  all  the  nitrogen  of  plants,  e^en  if  part  of 
that  nitrogen  should  be  deriyed  from  nitric  acid.  It  is  generally  admitted 
that  in  nitrification  the  whole  of  the  nitric  add  is  deriyed  from  the  ozida^ 
tion  of  ammonia. 
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Mnmonia  is  the  only  Bouee  of  nitrogen  in  plants.  It  is  self- 
eyident  that  the  atmosphere  mnst  contain  ammoniay  derived 
from  the  pntrefiiction  of  animal  and  vegetable  matter,  and  also 
that,  however  small  ihe  propariion,  the  absolute  quantity  in  ibe 
air  at  any  one  time  mnst  be  sufficient  for  the  supply  of  the  veget- 
able world,  and  through  it  of  the  animal  world,  since  all  animals 
and  vegetables  ultimately  putre^,  giving  off  their  nitrogen  in 
the  form  of  ammonia.  J  t  is  (juite  easy  to  detect  ammonia  in 
rain-water,  by  which  means  it  is  conveyedto  the  roots  or  leaves 
of  plants ;  and  it  has  also  been  proved  that  the  juices  of  plants 
contain  abundance  of  ammonia. 

The  nutritious  principles,  albumen,  fibrine,  and  caseine,  ^re 
formed  by  plants  alone  from  ammonia,  sugar  (or  gum,  starch, 
kc.)f  sulphates,  and  phosphates.  They  pass  into  the  body  of 
animals,  and  are  there  converted  into  bl<K>d.  As  tiiey  cannot 
be  formed  nor  exist  without  the  phosphates,  so  by  their  me^ns 
the  animal  body  is  supplied  with  bone  earth,  and  with  the 
soluble  phosphates  necessaiy  for  the  other  tissues. 

In  the  animal  body,  the  leading  and  diaracteiistic  action  is 
the  absorption  of  oxygen  and  the  oxidation  of  the  tissuss;  that 
is,  of  carbon  and  hydrogen,  so  that  animals  tiJce  up  oxygen,  and 
give  out  curbonic  add.  This  is  the  reverse  of  wnat  occurs  in 
plants,  which  absorb  carbonic  acid,  and  cive  out  oxygen. 

In  the  lungs,  oxygen  enters  tiie  bloo<^  and  is  earned,  appa- 
rently, by  the  agency  of  a  compound  of  iron,  to  eveiy  )jtat  of 
th^  body.  The  oxidation  of  tne  effiete,  or  worn-out  tiasnes, 
which  have  meanwhile  been  replaced  by  the  blood,  takes  place 
in  the  capillaries,  and  is,  in  all  probabilitv,  the  source  of  the 
animal  heat.  The  final  result  of  this  oxi<wion  is  the  prodno- 
tion  of  a  huge  quantity  of  carbonic  add  and  water,  whidi  are 
given  off  by  the  lungs  and  skin. 

Health,  in  the  ammal  body,  consLsts  in  the  due  bak&ee  er 
equilibrium  between  the  oxiduing,  or  destructive  agency  of  the 
atmosphere,  and  the  process  of  nutrition  by  whidi  the  other  is 
compensated. 

Smce  the  nutritious,  or  blood-fonninff  elements  of  food,  have 
the  same  composition  as  the  albumen,  fibrine,  &c.,  of  the  tissues 
—indeed,  in  the  case  of  animal  food,  are  identical  with  them-— 
we  may  consider  the  process  of  oxidation  and  destruction, 
either  as  affecting  the  food  directly,  or,  what  is  more  probable, 
those  portions  of  the  tissues  which,  having  performed  their 
functions,  are  to  be  thrown  off.  But  we  must  not  foiget  that 
in  the  herbivora,  a  great  part  of  the  combustion  which  yields 
the  animal  heat,  is  carried  on  at  the  expense  of  those  puts  of 
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the  food  whidi  cannot  fona  blood :  namely,  sugar,  starch,  or 
gom.  fat,  &c 

The  fat  of  the  animal  body  is,  at  all  events  in  great  part, 
derived  from  the  non-azotised  elements  of  the  food  when  tnese 
are  in  excess,  and  oxygen  is  deficient.  In  these  circnmstances, 
the  deficiency  of  oxygen  is  supplied  at  the  expense  of  sngar, 
starch,  or  gum,  which  by  losing  oxygen,  gives  rise  to  hi ;  for 
the  proportions  of  carbon  and  Inrdrogen  in  sugar,  kc,,  and  in  &t, 
aie  exactly  the  same,  that  of  oxygen  alone  being  different. 
Hence  the  conditions  favourable  to  the  formation  of  fat,  are 
abundant  farinaceous  food,  and  rest,  that  is,  defective  aeration, 
as  is  seen  in  stall-fed  animals,  and  in  the  fattening  of  geese 
fed  on  maize  and  deprived  of  the  power  of  locomotion.  The 
fonnation  of  wax,  a  species  of  fat,  from  sugar  by  the  bee,  is 
another  example. 

The  greater  part  of  the  effete  nitrogen  is  given  off  in  the 
form  of  urea ;  while  the  carbon,  with  part  of  the  nitrogen,  the 
snlphmr,  and  the  soda,  take  the  form  of  bile.  The  bile  under- 
goes nsorption  in  the  intestines,  and  is  oxidised  or  burned, 
yielding,  as  an  intermediate  product,  lactic  acid,  which  we  find 
playing  an  important  part  in  the  pstric  juice  and  the  juice  of 
flesh,  bit  of  which  no  trace  reaches  the  kidneys.  The  com- 
bustion of  the  bile  is  one  chief  source  of  the  animal  heat. 

The jphosphates  of  the  food,  being  brought  in  contact  with 
salts  of  potassium  and  sodium,  jrield  with  the  former  the  acid 
phosphate  of  potash,  characteristic  of  the  juice  of  flesh  and  the 
gastnc  iuice,  and,  with  the  latter,  the  alkaline  phosphate  of 
soda,  which  gives  its  character  to  the  blood,  and  conveys  the 
oarbtnic  acid  to  the  lungs. 

Ai  was  formerly  hinted,  the  add  juice  of  flesh  and  the  alka- 
line blood*,  separated  by  membrane,  and  in  contact  with  nerve 
and  muscle,  appear  to  produce  electric  currents,  the  importance 
flf  which  cannot  as  yet  be  fully  appreciated,  but  tiie  existence 
of  which  is  certain. 

The  food  of  animals  may  thus  be  said  to  be  HtemUy  burned 
in  their  bodies,  and  this,  as  in  the  case  of  other  combustibles, 
lor  the  purpose  of  producing  heat.  The  gaseous  products  of  the 
combustion  are  sent  off  through  the  skin  and  lungs,  while  the 
moke,  soot,  and  ashes  are  represented  by  the  excrements  and 
irine. 

The  food  required  by  animals  must  bear  a  certain  relation  to 
the  waste  of  matter,  and  to  the  heat  required.  Thus,  a  hard- 
working man,  in  whom  the  change  of  matter  is  rapid,  requires 
much  more  food  (blood,  or  proteme  compounds)  than  a  seden- 
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toiy  person ;  and  in  cold  climates  a  much  laiger  qnantity  of 
food  rich  in  carbon,  especially  fat,  blubber,  and  similar  mattm, 
IB  necessary  than  in  warm  climates,  where,  indeed,  sach  food 
excites  invincible  repugnance*  Any  misproportion  in  the 
amount  or  nature  of  tne  food  has  a  tendency  to  induce  disease. 
Thus,  Europeans,  who  often  eat  and  drink  as  at  home  when 
they  go  to  tropical  countries,  pay  the  penalty  of  their  ignonaioe 
in  the  Teiy  nequent  liver  complaints  observed  among  them. 
For  the  same  reason,  hepatic  disease  is  more  frequent  duiqg 
summer  than  during  winter. 

After  death,  the  animal  body  is  slowly,  but  surely,  readTed 
into  the  ultimate  products  of  putre&ctioii,  namely,  caxoonie 
add,  vrater,  and  ammonia,  which  rise  into  the  atmosphere, 
having  completed  the  circuit  through  which  we  have  traced 
them,  in  order  to  recommence  it  by  once  more  contribniing  to 
the  erowth  of  plants  on  whidi  animals  will  again  feed. 

The  bones  of  dead  animals  are  also  by  degrees  restorecto  the 
soil  from  which  they  are  taken ;  and  nothing  is  final^  lost. 
Even  the  rich  manure  which  we  reckleasly  cast  into  tie  sea, 
serves  tm  nourishmoit  for  sea  plants,  on  which  are  fid  fish, 
which,  in  their  turn,  become  food  for  sea  fowl,  the  excements 
of  these  last,  in  the  shape  of  guano,  returning  to  fertiise  the 
fields  from  which  their  mineral  dements  were  perhaps  onginally 
taken. 

It  is  evident  that  there  must  be  a  balance  or  equilibrium  kept 
np  between  the  animal  and  vegetable  worlds*  For  the  atmo* 
sphere  in  which  both  live  does  not,  at  least  perceptibly,  cbange 
in  its  composition.  There  is  no  appearance  eitner  of  inciease 
or  dimunition,  in  the  proportion  of  oxygen,  or  in  that  of  car- 
bonic acid.  Yet  we  luiow  that  animal  me  tends  directly  and 
powerfully  to  increase  the  proportion  of  carbonic  acid,  aid  to 
diminish  that  of  oxygen^wnile  the  tendency  of  vegetable  life 
is  exactly  the  reverse.  Hence,  if  in  any  quarter,  populatiaa  or 
animal  life  extends,  a  corresponding  augmentation  (ffvegetaUt 
life  must  somewhere  be  the  result ;  or  if,  by  cultivation,  the 
amount  of  vegetation  in  any  quarter  is  increased,  the  inevitable 
consequence  must  be  an  extension  of  animal  life,  otherwise  th< 
air  would  become  richer  in  oxygen.  As  both  carbonic  acid  ans 
ammonia  are  partly  supplied  to  the  atmosphere  from  the  earti 
itself,  not  merely  from  the  decay  of  organic  matter  at  the  surface 
but  from  ffreat  depths,  as  for  example  in  hot  springs,  so  we  ma; 
conceive  the  absolute  amoont  of  carbonic  acid  and  ammama  on 
the  surface  of  the  earth  and  in  the  atmosphere  to  be  somewhat 
greater  now  than  some  thousand  years  ago,    If  not,  th^  the 
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increase  of  aninud  and  vegetable  life  in  one  part  of  the  globe 
nrast  neceeaarily  caose  a  diminution  of  one  or  both  in  some 
other  part,  since,  at  ail  events,  the  atmosphere  becomes  neither 
richer  nor  poorer  in  carbonic  acid  and  ammonia.  Should  an 
addition  of  these  snbstances  be  made,  Uiey  would  instantly  be 
appropriated  by  the  vegetable  kingdom,  and  converted  into  food 
for  ammals,  of  which  an  additional  number  would  soon  be  pro* 
duoed  by  the  increased  snpplv  of  food ;  and  thus  the  aggreflate 
amount  of  animal  and  vegetable  life  might  be  increased^  while 
the  composition  of  the  atmosphere  remained  unchanged,  the 
vegetable  world  exactly  balancing  the  animal,  because  each 
produces  the  food  of  the  other,  as  the  neoessaiy  result  of  its 
own  existence. 

Such  is  a  veiy  brief  and  general  sketch  of  the  chemistry  of 
animal  and  vegetable  life,  as  for  as  we  are  at  all  acquainted  wiUi 
it.  It  is  onlv  within  a  very  short  time  that  this  denartment  of 
science  has  been  properly  cultivated,  but  the  results  already 
obtained  are  most  important  and  hi^y  encouraging.  When 
we  reflect  that  the  processes  by  wmcb  carbonic  acid,  water, 
ammonia,  and  the  salts  of  the  soil  are  made  to  assume  the 
forms,  first  of  vegetable  and  then  of  animal  tissues,  as  well  as 
those  by  which  these  tissues  are  again  resolved  into  the  elements 
of  which  they  were  formed,  are,  and  must  be,  purely  chemical 

e'ocesses  of  combination  and  decomposition,  governed  by  Uie 
WB  of  chemistnr  as  ascertained  by  observation  and  experi- 
ment, but  modified  by  the  vital  force,  it  is  easy  to  see  that 
from  the  assiduous  studv  of  the  chemical  chai^^es  going  on  in 
plants  and  animals,  in  health  and  in  disease,  we  mav  confi- 
dently expect  the  most  beneficial  results.  All  that  has  hitherto 
been  done  has  only  pointed  out  the  path  to  be  followed  in  order 
to  obtain  valuable  and  permanent  results.  But  enough  has 
been  gained  to  satisfy  all  who  are  acquainted  with  the  actual 
state  of  physiology,  that  henceforth,  it  is  chiefly  to  chemistiy 
that  we  must  look  for  the  extension  and  improvement  of  phy- 
siological science.  We  see,  for  example,  from  the  facts  recently 
ascertained  in  regard  to  the  phosphates  of  potash  and  of  soda 
ia  the  juice  of  flesh  and  in  blood,  that  it  is  necessaiy  to  study 
the  most  minute  and  apparently  insignificant  properties  of  such 
aieids  and  bases  as  occur  in  the  oiganic  world  ;  since  the  difler- 
mice  in  the  relatjions  of  these  two  alkalies  to  phosphoric  acid, 
long  since  pointed  out  by  Graham  in  his  admirable  researches 
on  the  phosphates,  and  looked  npon  as  a  matter  merely  of 
scientific  cunosity,  has  lately  been  shown  to  be  the  foundation 
of  the  distinctive  properties  of  the  two  important  fluids  just 
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mentioned.  The  same  remark  applies  to  the  relation  of  phos- 
phate of  soda  to  carbonic  acid ;  and  this  lesson  is  the  more  im> 
pressive,  from  the  fact  that  potash  and  soda,  which  in  these 
mstances  differ  so  widely,  in  many  other  cases  replace  each 
other  without  material  change  of  properties  in  the  compound. 
It  is  not,  therefore,  surprising,  that  already  a  knowledge  of 
chemistry  is  admitted  to  be  indispensable  to  the  physiologiBt; 
and  before  Ions  this  opinion  will  be  so  far  acted  on  that  no  one 
who  is  not  wefi  versed  in  chemistry  will  venture  to  write  on 
physiological  subjects. 


ADDENDUM. 

To  page  182. 
d.  Ferric  Add,  FeO  3  =62*039.  Recent  researches  have 
established  the  existence  of  this  compoand,  which  corresponds 
to  Man^panic  Acid.  It  is  yeir  easily  aecomposed,  and  is  luurdly 
known  in  a  sejjarate  state,  f^errate  of  potash  may  l>e  obtained 
in  solution  by  igniting  oxide  of  iron  with  nitre,  or  by  passing 
chlorine  throngh  aqua  potassa  in  which  peroxide  of  iron  is  sus- 
pended. The  solution  has  a  very  fine  and  intense  purple 
colour,  which,  however,  is  not  very  pennanent. 
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Ptfabanic  .         .        .        .342 

Mnigaritic      . 

.    .478 

Paracomenic  .                 .    .  458 

Mechloic   . 

.  499 

Paratartaric,  see  Itaeemic. 

Meconic 

.    .  456 

Parellic         .         .         .     .  500 

Melanic      . 

.        .  371 

Pelargonic          .         .        .463 

Melanic 

.     .  421 

Peichloric      .        .        .     .    82 

Mellitic     . 

.  295 

Periodic     ...        .         .90 

Menispennic  . 

.    .  484 

Pennanganic  -                 .     .  176 

Meaoxalic  . 

.  341 

Phocenic    .        .        .        .464 

Metacetonic   . 

.    .  421 

Phosphoric     .        .        .    .  113 

MetagaUic .        . 

.  455 

Phosphorons       .         .        .112 

Metanuugaric 

.    .  478 

PhosphoTinic .        .         .     .  390 

Metaphoephoric  . 

.  114 

Phtalic      .                 .        .579 

Methionic      . 

.    .  397 

Picric 515 

Hetoleic    . 

.        .  478 

Pimelic     .        .        .        .476 

Molybdic       . 

.    .  206 

Pinic 492 

MoroxyHc  . 

.  484 

Prussic,  see  Mydroctfanie. 

Mucic  . 

.    .  423 

Pyrogallic      .        .         .     .  454 

Mucic,  modified .        . 

.423 

Pyromeconic       .        .        .458 
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Acid,  Pyromucic   • 

vAsa 

.  428 

Acid,TeU«rie       .        .        .    .213 

.  114 

TeUurooi.                 .        .213 

Pyrotortaric 

.  448 

Thiotiuric     .         .         .    .  343 

Qaerdtannic     • 

.  452 

Titanic     .         .         .         .212 

QoinicMeiSiMtf. 

TungBtic      .        .        .    .  207 

Rocemic   . 

.  449 

Unnilie    .        .         .         .  344 

Rhodizonic   . 

.  295 

Uric 353 

Rocellic    . 

.  467 

Umic       .        .         .         .502 

RoMlic 

.  569 

Yacdnic       .         .         .    .  462 

Robinic    . 

.  456 

Valeriaaic                   .         .466 

Saccharic      . 

.  421 

Vanadic        .                  .    .  204 

SMchulmic 

.  420 

Vcimtric    .                  .         .464 

SoUcyUc       . 

.  372 

Xanthic        .        .        .    .  393 

Salicjloui     . 

.  370 

Xanthopenic     .                 .528 

Sebacic     . 

.  475 

Adda,  definition  of    ,    .   4,  103,  232 

Selenic 

.  109 

theory  of        .        .    103.232 

SeleniooB 

.  109 

nomendatuiv  of       .         .     48 

Silicic.         .        . 

.  182 

hydnted.        .  103,232,279 

SiUcoflaoric 

.  184 

hydit>gen    .    5,103,232,279 

SoUnic 

.  484 

oiganic  .        .                  .279 

Steuic     . 

.  471 

coupled      .         .         .     .  281 

Suberic 

.  473 

moQobaaic       ,        .    232,279 

Sacdnio  .        .        « 

.  473 

bibaaic       .         .    .    232,279 

Sulphoamylic 

.  489 

tribaiic  .        .        .    232,279 

Sttlphocamphic . 

.  465 

polybasc    .        .     .    232,279 

Sulpbocamphoric  . 

.  465 

fatty       .         .         .     468,  M9. 

Sttlpbooetylic    • 

.  438 

volatUeoily        .260,  460,  Mf. 

Salphocyuiic 

.  323 

AdduloQs  watera  .                  •     •    57 

Sulphoglyceric  . 

.  440 

Aconiticadd     .                  .         .443 

Sulphoindigotic      . 

.  506 

Aconitine 532 

Sulphomesitylic 

.  414 

Acroleine,  set  AcfyU, 

Sulphometbylic    . 

.  432 

Acryle 479 

Sulphopianic 

.  429 

hydrated  oxide  of      .         .  479 

.  506 

Acrylic  add 479 

Sulpboattccbaric 

.  420 

Adipic  add        ....  476 

Salpburetted  bypotulph 

aric  101 

Affinity 3 

Sttlphuric     . 

.     96 

Agriculture,  chemiatry  of    .    617,  ae^. 

anhydrous    . 

.     95 

Air,  atmoapheric    .        .         .     .     59 

fumioff    . 

.    .     97 

its  functions  in  vegetation,  618,jef. 

Bulphurouf 

.     94 

Alabaster 236 

Sylvic .        . 

.     .  492 

Albumen,  animal       .         .          .590 

Tanacetic . 

.  484 

vegetable       .          .     .  564 

Tannic 

.    .  452 

its  composition    .          .  591 

Tanningenic      • 

.  456 

Albuminous  substances  .          .     .  583 

TarUric 

.     .  444 

Alcohol 386 

'^^    ^iihydzx>U8 

.  447 

absolute     .        •         .     .  387 

Tartralie      . 

.     .  447 

producto  of  oxidation  of   .397 

Tartrelic  • 

.  447 

action  of  cblorinoy&c^  on    407 

muz. 
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Aldehydaimnom* 

rA«B 

.  399 

Ammonia,  benzoate  of    . 

rA»B 

.    .  852 

AldebydB      .... 

.  398 

bimaUteof 

.  451 

minof 

.  398 

247—284 

Aldebydic  add       . 

.  400 

cyanate  of,  basic 

.  304 

Algaroth,  powder  of   » 

.  210 

dialuiateof    . 

.    .  346 

Alizarine       .... 

.  495 

hydrosulphurot  of        .  105 

Alkali        .... 

.    68 

mellitoteof   . 

.     .  296 

TolatUe 

.    68 

nitmte  of  . 

.  239 

AlkaUe.    .... 

.       5 

oxalate  of 

.    .  291 

618,  seq. 

oxalurate  of 

.  343 

.522 

phosphate  o^  an^ 

lmae^ 

artificial      . 

.  537 

neda      . 

.  243 

AlkarBine,  see  Oxide  ofKakodylc 

sulphate  of    . 

.     .  235 

Allantoine 

.  336 

thionurate  of 

.        .  344 

Allophasate  of  oxide  of  etbyle 

.  393 

salts  of. 

.    .    70 

Alloxan 

.  337 

solution  of. 

.     69 

AUozanic  add   . 

.  339 

use  of,  aa  a  manure  61 7,  seq. 

AllotioiMcmodification  of  elements  121 

is  always  present 

in  the 

AUoyt       .... 

.  230 

.  622 

AUjle,  and  ito  sulphnret 

.  489 

Ammoniac,  sal 

.     .     68 

aulphocyanide  of 

.  489 

Ammoniacal  n^malg^m 

.        .     71 

Almonds       .        .        . 

.  352 

Ammonialdehyde  . 

.     .  399 

oa  of  bitter   .        .  : 

J52,  367 

Ammonium 

.     70 

Aloea,  action  of  nitric  add  on 

.  520 

^TO^lg^TP  of  . 

.    .     71 

Alpha  lednB 

.  492 

oxide  of    . 

.     71 

orceine 

.  502 

theory  of      - 

.    .     71 

Althionic  add    . 

.  397 

sulphuret  of 

.  105 

Alnm  .... 

.  238 

Ampeline 

.    .  581 

varieties  of 

39, 238 

Amygdaline 

.  366 

Alnmina               .. 

.  171 

Amylc. 

.    .  438 

acetate  of 

.  404 

hydrated  oxide  of 

.  438 

meUitate  of      . 

.  295 

compounds  of 

.     .  439 

sulphate  of    . 

.  236 

Anchunne 

.  495 

Aluminum   . 

.  170 

Anemonine   . 

.     .  491 

Angulidne 

.  499 

Amarine   .... 

.  360 

Anhydrite     . 

.    .  236 

Amatythrine.                 .     . 

.    .  502 

Anilic  add 

.  514 

Amasatine 

.  514 

AnOine        .         .       .  51( 

),  516,  540 

Amber,  and  oil  of  . 

.  474 

urea 

.  541 

Ambreine. 

.  483 

Animals,  nutrition  of     . 

.     .  622 

Ambreic  add 

,     .  483 

Auise,  oil  of      . 

.  486 

Amide  or  amidogen    • 

68,  282 

Anisoine 

.     .  466 

.  440 

Anisole      ... 

.  466 

AmmeUde 

.  328 

Anthracene  . 

.     .  580 

Ammeline    .... 

.  328 

Anthranilie  add 

.  515 

Ammonia .... 

.    68 

Antiarine      . 

.     .  497 

acetate  of 

.  404 

Antimony . 

.  208 

anomalous  cjanate 

9f  .  305 

sesquioxide  of 

.     .  208 
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Antimony,  chlorides  of  •  .  209 
oxychloride  of  •  .210 
eulpfauretof  .  .  210 
oxysulphuret  of  .  .210 
and  potaah,  tartrate  of  446 


Antiseptics 

.        .  277 

Aporetine      . 

.    .  493 

Apyrine     . 

.  535 

Aqua  ammonia 

.        .    .     69 

fortis 

.    67 

potasssD 

.     .  153 

regia 

.    79 

Arbor  Diana) 

.        .    .  222 

Archil       . 

.  502 

Aricine 

.     .  525 

Arrow  root 

.  551 

Arseniates     • 

.    .  244 

Arsenic     . 

,        .  194 

oxides  of    . 

.        .     .  195 

chlorides,  salpl 

iurets,&cof  200 

tests  for      . 

.     .  195 

detection  of,  in 

mixedfluids  196 

Arseniuretted  hydroge 

n       .        .201 

Asarone 

.     .  490 

.        .         .  498 

Asparamide   . 

.     .  498 

Asphaltum 

.  682 

Assafetida,  oil  of    . 

.    .  490 

Atmospheric  air . 

.     59 

physical  prope 

rticsof  .     .     69 

contains  amm< 

mia 

60,  68,  284,  622 

carho 

nic  add 

60,  68,  284,  622 

water 

.        .     .     61 

analysis  of 

.        .     60 

proportion  of 

oxygen  and 

carbonic  aci 

d  in,  always 

the  same  . 

.        61, 624 

functions  of,  : 

m  vegetation 

617,  aeq. 

weight  and  pit 

98sure  of      .    60 

Atom,  definition  of . 

.21,28 

Atomic  theory 

.        .    .    22 

weights  how  i 

iseertained  .    24 

table 

of.        .     .     14 

Atropine  . 

.        .        .  531 

Attraction^  chemical 

.        .    .  3, 6 

Attraction  of  cohesion 

.  3.t 

Azobenzido    . 

.      .  35^ 

Azobenzoide 

.  3Si 

Azobenzoyle  • 

.     .  ty 

Azolitmino         » 

.  5k: 

Azote,  see  Nitrogen, 

Azotized  products  of  animals  and 

vegetables      . 

.  5^.' 

B. 

Balsam  or  Pud 

.  3:« 

ofTolu     . 

.     .  A9i 

Barilla      .... 

157,  24t 

Barium     .... 

.  153 

oxide  of,  or  baryta 

.    .  m 

chloride  of     . 

.  165 

sulphuret  of 

.     .   16o 

Baryta       .... 

.    164 

hydrate  of. 

.     .   164 

.  247 

sulphate  of 

.     .  235 

tests  of . 

.   164 

.     .  521 

artificial  . 

.  537 

Tolatile  oily 

.     .  54« 

of  oil  of  mustard 

48a,  544 

of  cinchona  bark 

.  524 

of  the  PapaTeracesB 

.     .  525 

of  theSolanace«,&c. 

.  539 

of  coal  tar    . 

.     .  553 

derived  from  aniline  . 

.  517 

containing  chlorine,  &&     .517 

Basaoiine  .... 

.  555 

Debeerine      ... 

.     .  533 

BeU  metal 

.239 

Benzamide     .         • 

.     .  354 

Benzene    .... 

.  357 

Benzhydramide 

.     .  359 

Benzile     .... 

.  3fi5 

Benzilic  add . 

.  .m 

Benzimide          .         . 

.  361 

Benzine 

.     .357 

Benzoates  • 

.352 

Benzoene 

.  .4<e 

Benzoine  . 

.361 

Benzoinamide 

.    .3S1 

Benzole     . 

.357 

chloride  of       . 

.     .35S 

IHBBZ. 


635 


Benzolone         ....  359 

Benzone 358 

Benzostilbine         .        .        .    •  359 

Benzoyle 351 

chloride,  &c  of  .     .  353 

hyduretof    .         .        .  352 

formation  of  bydoret  of  .  367 

benzoateof  hjniuret  of   .  354 

Berberine  ....  535 

Beta  orceine  .        .        .    .  502 

BetBKsins  .         .        .492 

Bibromieatine        .         .        .    •  509 

Bibromiaatyde    .         •         .         .510 

Bichlorisatine        .         .        .     .  509 

Bicbloriaatyde    .  .         .510 

Bicyanide  of  Mercury     .         .     .313 

BUe 598 

its  constitution  .  .  .  598 
products  of  decomposition  of  600 
function  of  .        .        .623 

origin  of  .  •  .  .  623 
Biliary  calculi  .  .  .  .602 
Bilifellic  add         .        .        .     .  600 

BUine 600 

Binitiobenzide       •         .         .    .  357 

Bismuth 211 

.  oxides  of,  &c.  .         ..211 
tests  of         .        .        .  211 
Bifuocinamide       .         .         .     •  474 
Bisttlphuret  of  carbon         .         .  129 
Bitartiate  of  potash  .     .  445 

Bitter  almonds,  oil  of         .         •  352 
theory  of  its  formation  367 
Bituminous  schist  .        .581 

Black  lead  or  plumbago  .  .  .  122 
Blaitk  oxide  of  iron  .  .  .181 
Bleaching  powder  .     .        .     80,241 

Blende 186 

Bloody  coagulation  of     .        •    .  614 

composition  of         .         .617 

uses  of  the  globules ;  the 

phosphate  of  soda,  and 

the  iron  of    .        .  615  seq. 

Blowpipe,  oxyhydrogen       .        .51 

Blue,  Prussian,  its  formula     .     .317 

Blue  colouring  matters        .        .  495 

vitriol  .        .        .     .  237 

Boa  oonitrictor,  urine  of     .        .  383 

T  T 


rA«a 

Boletic  add 484 

Boloretine  ....  582 

Bone  earth  .        .  243, 598 

dust  as  a  manure  .         .     .  620 

Bones 597 

Boradcadd  .        .        .     .  130 

Borates     .         .  .  245 

Borax 246 

Borneo  camphor  .  465 

Borofluorides         .         .         •    .  132 

Boron 130 

terchlorideof        .         .    .131 
Brain  and  nervous  matter   .        .  602 

Brass 230 

Brazilwood       .  .        .495 

Bromachlonaphtose,  &c.  .     .  575 

Bromaniline       .         .        .        .517 

Bromic  add 86 

Bromide 142 

Bromine 85 

Bromisatine  .  .  .  .  509 
Bromobenzoic  add  .        .     .  356 

Bromohelicine  ....  377 
Bromophenisic  acid  .  .  .517 
Bromosalicylic  add     .  .  374 

Bronaphtasc,  &c 574 

Bronze 280 

Brudne 534 

Bryonine 497 

Butter,  volatile  oily  adds  of   .     .  462 
proportion  of,  in  milk      .  595 

Butyric  add 460 

ether     .         .        .         .461 
fermentation      .        .     •  428 


C. 
Cacodtlc,  see  KdkodyU 
Cadmium .  • 

oxide  and  tests  of 
sulphuret  of 
Cafleicacid  . 
Caffeine  or  Theine     . 
Calamine 
Caldum    . 

oxide  aud  tests  of 
chloride  of    . 
fluoride  of         • 
Calculi,  biliary  . 
2 


186 
187 
187 
484 
536 
185 
166 
166 
167 
167 
602 
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rim 

Calculi)  urinary     .        .        •    •  613 

CalculuA,  fusible         .         .        .614 

mulberry        .         •    .  614 

uric  acid      •         .        •  613 

cyBtic  and  zaptbic  oxide  614 

Calomel        .        ...        .     .  219 

Campbogen        ....  465 

Campbor 465 

Borneo  .    .  465 

oil  of   .        .         .        .465 

artificial  .        .         .     .  485 

Campboric  add      •         •        •     •  ^64 

Camwood 495 

Cane  sugar    ...  .    .  417 

Cantbaridine      .        .        .         .491 
Caoutcbine  .  .     .  491 

Caoutcbouc        .         .        •        .491 

Capnomor 564 

Capric^  caproicy  aod  caprylic  acids  462 
Capeidne  •        ...        .        .  535 

Caramel 421 

Carapine 534 

Carbamate  of  oxide  of  etbyle  .     .  395 
Carbanilide        .         .        .        .541 
Carbazotic  add,  see  Picric  Add* 
Carbolic  add  .        .        .     .  567 

Carbon 122 

cbloridesof  .     .  129 

compounds  of,  witb  oxygen  128 

bydrogen    .  126 

nitrogen     .  128 

Bulpbur      .  129 

Carbonates    ...        .         .     .  246 

Carbonic  add     .         .        .        .125 

as  part  of  the  food 

of  plants    .  617,  seq. 

decomposed  by  plants  617 

Carbonic  etber  .        .         .        .391 

oxide  .        .     124,290 

Carburetted  bydrogen  .        .126 

Cann|ne, 519 

Cartilage' 596 

Caryopbylline  . .  .  .  .  468 
Caseine,  animal  .  .  .  592 
vegetable  .  .  .  585 
Caseous  oxide  ....  589 
Cassius,  purple  of  .  .  .  .  225 
Castor  oil 478 


Castoxine      . 

r4d 
.     .  4» 

Catecblne 

.  43$ 

Catecbu       . 

.     .  4S« 

Catbartine 

.  497 

Cedriret 

.     .5«S 

Celestine  . 

.  2» 

Cerebric  add 

.     .  6K 

Cerium     . 

.  211 

Cerosine       . 

.     .  4<S 

Cerusae     . 

.  24S 

Cetine    • 

.      470, 483 

Cetrarine 

.     .  4S7 

Cotyle,  oxide  of,  &c  .         .          .458 

Cetylicadd. 

.     .  4S 

Cfaaerapbylllne   . 

.  .w 

Chalk 

.      .  247 

Chalybeate  waters 

.     57 

Charcoal 

.     .  122 

animal 

.  123 

Cheese 

.     .  595 

Cbelerythrine    . 

.  531 

CbeUdonino. 

.     .  539 

Chemical  attraction,  or  affinity     .  3>  ^ 

symbols  and  farmnlsB    •     2i6 

.combimttioD          .                C 

equiTalents.         .         .     U 

Chemistry,  inorganic      .         .     .      1 

organic 

.  251 

of  animal  and  ^vege- 

table life     .         .617 

ChinoTine     . 

.     .  525 

Chiococdne 

.  533 

Chlonaphtase 

.     .      .  . hn 

.  BTt 

.     .  574 

Chlonaphtose    . 

.  574 

Chlonapbtuse 

.     .  575 

.  575 

Chlonaphtalese 

.     .  575 

Cblonapbtalise  . 

.  575 

Cblophtalisicadd 

.     .  5» 

Cblonceticadd. 

.  m 

Chloral 

•     .  4ft» 

Chloranaphtiuc  ad 

4    .         .         .57? 

ChloFsnilam . 

.     .  513 

Chloranilammon 

.  51J 

Chlotasile    . 

,     .513 

nrsBX. 
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Chlonnilieacidi 

rAsa 
.  513 

Gblonunline 

.  518 

.  580 

Chlontet 

.  240 

.  575 

CThlorebronaplitose 

.  675 

.  575 

CHiloribroDiipbtiiM 

.  575 

CUoricadd       . 

.    81 

Chloride  of  acetyle 

.  411 

bftrium     . 

.  165 

benzole 

.  858 

benzoyle  . 

.  358 

.  576 

carbon 

.  129 

chloniqihtMe 

.  575 

chlonaphteae     . 

.  576 

calcium 

.  167 

cyanogen 

.  311 

nitrogen 

.    84 

napbtaline 

.571 

.  120 

sulphur    . 

.  107 

■iWer  . 

.  223 

■odium 

.  159 

Chlorine,  bleaching  poirer  of 

.    74 

solution  of  . 

.    74 

Chlorindatmit 

.  512 

Chlorindopten   * 

.  512 

Chlorindoptenic  add      . 

.  512 

dblorinise 

d   .  513 

CMorindine  .        .        . 

.  511 

Chlorisatine      . 

.  508 

.    .  510 

Ghloiobenzine   . 

.  358 

Chlorocarbonicacid 

.    .  294 

ether    . 

.  895 

Chlorodnnoee 

.  379 

.  518 

Chlorohelidne 

.  377 

Chlorophenesic  add,  &c.     • 

.  567 

Chlorophyll 

.    .  496 

.  877 

.    .  374 

Chlorous  acid    . 

.    81 

Chlorovalerisic  add,  &c 

.    .  466 

.  579 

Chloioxenftphtaledc  add 

.    .  579 

Chloroxenaphtose,  oxide  of .        .  579 

Chloetilbase 363 

Choke-damp  of  mines   .      .        .126 
Cholacrole 601 


Choknic  add     . 

.  600 

Choldc  add  . 

.     .  599 

.  483 

Cholesteric  add     . 

.     .  483 

Cholic  acid 

.  600 

ofGmelin    . 

.     .  600 

Cholinic  add     .        . 

.  600 

Choloidam'c  add     . 

.     .  601 

Choloidicadd  . 

.  600 

Chondrine    . 

.    .  596 

.        .  245 

Chrome  alums    .     . 

.    .  39,238 

Chromic  acid     . 

.  208 

Chromium    . 

.    .  202 

oxides  of  . 

.  202 

chlorides,  fluorides 

of,&c  . 

.     .  203 

and  potash,  oxalate  of .  292 

.  320 

Chrysammic  add    . 

.    .  520 

Chrysanilic  acid 

.  515 

.    .  581 

Chrysolepic  add 

.  521 

Chrysophanic  acid 

.    .  502 

Chyle        . 

.  609 

Chyme 

.    .  609 

Crachonine 

.  525 

CincboTatine 

.    .  525 

Cinnabar  . 

.  221 

Cinnamdne  . 

.    .  379 

Cinnamicadd    . 

.        .  379 

Cinnamon,  oil  of 

.  379,486 

Cinnamyle    . 

.     .  379 

hyduret  of 

.  379 

Cissampeline 

.     .  535 

Citraoonic  add  . 

.  444 

Citrates 

.     .  441 

Citric  add 

.  441 

Cloves,  oU  of 

.    .  486 

Cnidne     . 

.  499 

Coagulation  of  albumen   . 

585,  590 

of  blood  . 

.        .  614 

ofiregetablefibrine  .  585 

Coal         ... 

.  566 

638 


msx. 


Cottltar 

,    .  567 

bues  in                  • 

.  569 

wood  or  brown 

.    .  558 

mines,  fire*damp  in      , 

.  127 

Cobalt.         .         .         . 

.    ,  190 

oxides  of 

.  191 

chloride  of 

.    .  191 

blue       . 

.  192 

Cobaltocyanide  of  potassiam 

.  319 

Gobaltocyanogen 

.  319 

Cochineal      . 

.    .  519 

Cocculus  indicus 

.  536 

Cocinicacid 

.  468 

Cocognidic  add . 

.  484 

Codeine         .         .         .        . 

.  527 

Coflfee,  its  effect  on  the  tjttea 

.  537 

Cohesion 

.      6 

Colchicine 

.  532 

Colocjnthine 

.  497 

Colopholicadd.         .         . 

.  494 

Colophony     . 

.     .  492 

Colouring  matters 

.  494 

blue  . 

.    .  495 

.  496 

Kd    . 

.  495 

yellow   . 

.  494 

nitrogenised 

.     .  499 

Colouring  matter  of  blood  . 

.  615 

Columbic  acid 

.     .  208 

Columbine 

.  497 

Columbium  . 

.    .  207 

Combination 

.      6 

Combining  proportions   • 

.    10 

table  of    . 

.     14 

Combustion,  definition  of 

.     .    46 

theory  of 

.     45 

Compound  inorganic  radicals 

102,  232 

organic  radicals 

.    .  255 

Coneic  acid 

.  484 

Conidne 

.    .  524 

Convolvulinc     . 

.  537 

Copaiva,  oil  of 

.    .  485 

resin  of 

.  492 

Copal  .         .         . 

.     .  493 

Copper      .        1         .        . 

.  214 

oxides  of    . 

.  214 

tests  of  . 

.  214 

sulphate,  of 

.    .  237 

rAM 

Copper,  carbonate  of  .         .         .246 

alloys  of  .         .         .     .  230 

Corrosive  sublimate    •         .         .  219 

Corydaline 534 

Cotamine  ....  529 

Crameric  add        ,         .         .     .  464 
Cream  of  tartar .  .         .445 

Creatine,  see  Kreatine 

Crenic  add 559 

Creosote 561 

iCroconicadd         .         .         .     .  295 
j  Crotonic  add      ....  464 
Crystalline,  see  AnUine 
Cxystallisation  .         .     .     37 

Cubebine 499 

Cudbear 499 

'  Cuminic  add     ....  467 

Curarine 534 

■  Curd  of  milk     ...         .692 

Cusparine 634 

Cyamelide         .        .         .         .309 

Cyanates  of  ammonia  .     .  SM 

potash  .304 

Cyanic  add 303 

Cyanide  of  iron  .        .         .         .  313 

mercury  •     •  313 

potassium .        .         .  312 

silver    •        •         .     .  313 

Cyanides,  double        .         .         .314 

Cyanilicadd  .         .         .     .  331 

Cyanogen  ....    128,  297 

is  a  compound  radical  128^  297 

its  compounds        •         •  298 

spontaneous     decaonposi- 

tion  of  its  solution  .  277 
with  carbonic  oxide  .  333 
Cyanoxalic  add  .  .  .  .  349 
Cyanurates  ....  309 
Cyanuricadd  •  .  .  .  308 
Cyclamine  ....  498 

Cym^e 468 

Cynapine  .....  53S 


Cystic  oxide 


350 


D. 


Dadyli^ 485 

Daguen^otype       .        •         .    .  222 
'  Danunaia  resin  .        .         .        .493 


JNBBX. 
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DapKnine      .... 

.  5S5 

Datorinfi  .... 

.  531 

Dead  Sea,  water  of 

.     85 

Decaj  of  wood,  &C.     • 

.  558 

checked  by  antlaepUcs 

.  558 

DecompoBition 

.       9 

of  organic  compounds 

.  266 

.     10 

Delplune  .... 

.  538 

Dettmctive  distillation  of  wood 

.  559 

of  coal 

.  566 

Dextrine       .... 

.  552 

Diabetic  sugar    . 

.  418 

Dialuricacid 

.  346 

Diamond  .... 

.  122 

Diastase                .                 553,587 

.  518 

Dichloianiline 

.  518 

Didymiam 

.  211 

Difluan         .... 

.  340 

Digestion  .... 

.  604 

Dilituric  add 

.  846 

Dinitrobenzole  . 

.  358 

Dolomite      .... 

.  169 

Draconic  acid,  see  Aniiie  AM. 

Draconine,  or  dragon^s  blood 

.  495 

Drying  oils  .... 

.  478 

Dyes        .... 

.  494 

Dyslysine     .... 

.  601 

E. 
Eaatbs,  proper,  metals  of  .         .170 
alkaline,  metals  of    .     .163 
Egg,  white  of    .  .590 

Ela^e 480 

Elaidicacid  .476 

EUddehyde 396 

Elasticity  an  obstacle  to  cheadeal 

action         ....       7 

Elaterine 497 

Electricity    produces    decomposi- 
tion        .        .        .54 
Electric  spaik  causes  combination     60 
currents  in    the  animal 
body         .         .        .608 

Elements 2 

table  of  with  symbols, 
atomic  weights,  &c.  •     14 


Elements  constituting  the   great 
mass  of  the  inorganic 
world       .        .        .252 
constituting  the  organic 
world  .         .     .  251 

EDagicadd       ....  455 

Elmetine 533 

Emulsine,  its  action  on  amydaline  368 
Enamel    of  the    teeth   contains 
fluorine      .        .        .        .91 

Epsom  salts 236 

Equivalent  numbers,  table  of       .14 

Erbium 2 

Eremacausb      ....  268 

Ergotine 497 

Erythricadd  .  .501 

Erythrine 501 

Erythroleine      ....  502 

Eiythrolitmine       .        .        .     .  502 

Essential  oils,  non-oxygenated      .  484 

oxygenated        .     .  486 

sulphurised    .        .  487 

concrete  prindples, 

allied  to         .     .  490* 

Ethal 470 

Ethalic  add  .        .        .     .  470 

Ether 383 

theory  of  its  formation  .     .  383 
Ethers,  compound        .        .  389,  seq. 

Etherine 396 

Etherole 396 

Ethionie  add 396 

Ethyle 382 

bromide  and  iodide  of  .  .387 
chloride  of  .  .  .387 
oxide  of  .  .  .  .  383 
hydrated  .  .  386 
acetate  of  .  .  404 
acid  sulphate  of  .  390 
allophanste  of  .  893 
benzoate  of  .  394 
carbonate  of  .  .391 
hyponitrite  of  .  391 
nitrate  of  .  .  391 
oxalate  of  .  .392 
oxamate  of  .  .  393 
add  phosphate  of  390 
sulphocarbonateof  398 
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Ethyle,  oxide  of  nlicykte  of       .  394 
■ulphuntof    .        .    .  888 
hydrotulphniet  of    .        .  888 
compoundB  of,  of  uncertain 

constitution.         .        .  395 
products  of  the  oxidation  of  397 
action  of  chlorine,  &c^  on 
the  compounds  of    406,  seq. 

Ettchlorine 83 

Eudiionic  add  ....  296 
Eugenic  acid  .        .    .  468 

Eupion 564 

Excrements 609 

importance      o^     as 

.    .  611 


.  .  623 

478,  482 

479 


480 
480 
481 

612 
596 
589 


F. 
Fat,  AHiMALy  its  origin  . 
oils,  natural 

action  of  heat  on 

of  sulphuric  add 

on 
of  nitrous  add  on 
of  hases  on  . 
origin  of  their  peculisr 
smell  . 
Feathers    .... 
Ferment 

Fermentation  hutyric »        • 
lactic 
vinous  •        • 

TlSOOttS 

'  theory  of       « 
Ferric  add,  see  Addendum. 
Ferridcyanides   . 
Ferridcymnogen      •         • 
Ferrocyanic  add        • 
Fenracyanide  of  potassium 

iron  • 
Ferrocyanogen      • 
Fihre,  woody     .        .        . 
Fihrine,  animal 

vegetahle        • 

compositioQ  of    . 
Fiditelite. 
Fire-damp    •        • 
Fixed  oils. 
Flsme,  its  nature  • 


.  426 

424 

.  427 

274,  425 

>  319 

818 

315 

315 

817 

,  814 

556 

,  592 

.  585 

.  592 

582 

127 

478,  482 

127 


Flesh,  juice  of  . 
Flint    . 

Flowers  of  sulphur 
Fluohorates  . 
Fluohoric  add    • 
Fluoride  of  caldum 
Fluorine   • 
Fluosilidc  add 
Food  of  plants  . 

of  animals     . 

digestion  of  . 
FormsnUide 
Formiates     . 
Formic  add 
Formohenxoic  add 
Formyle    . 

compounds  of 
Formula 
Fossil  redns 
Fraxinine 
Fulmin&tes  . 
Fulminating  mercury 
Fulminic  add    . 
Fumaramide 
Fumaric  add 
Fuming  sulphuric  add 
Fungic  add 
Fur^rine 
FurAirole . 
Furfurolamide 
Fusihle  metal 
Fusibility  of 


»A« 

.  m 

.  131 

.    91 
.  13S 

.  ir. 

.  IS" 

.  9: 

134 

617,  s«» 
617,  se^ 
.  604 
,  54. 


.  43« 
434 
354 
434 
434 
2$ 
581 
498 

sor 


307 
30$ 
452 
452 
97 
484 
546 
546 
546 
230 
135 


G. 

OaLAM  BUTTBE    ....   482 

Galena 217 

GaUic  add  and  gallates       .         .  453 

Galls,  nut 452 

GralYsnism  decomposes  water  •  54 
Gamboge  «  .  .  •  •  494 
Gas,  oxygen  ...  .45 
olefiant  .  .  •  128,410 
phosgene  •  •  •  .  294 
(Jases,  how  dried  .  .  .61 
Gases,  combine  by  volume  •  •  31 
Grastric  juice  •  •  •  .  604 
Gaultheria  procnmhens,  oil  of      .  433 


Dnnx. 
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r4oa 

OelatigenouB  tinaes    .  .  596 

GeUtine 596 

prodactf  of  oxidation  of  .  597 
Gontianine  ....  496 
Germm&tion  .         .        .    .  618 

Olacial  phosphoric  add        .         .114 

Glass 183 

Glaober  aalto     .  .        .235 

Glaucine 580 

Glaocoplcrine  ....  530 
Globules  of  the  blood  .  .9.615 
Gludc  add  ....  421 
Glttdnium  and  gludna  .         .     .  172 

Glucose 418 

Glae 596 

Gluten 585 

Gljcerine 440 

Glyceiyle,  and  its  compounds       •  440 

Gljoocoll 547 

Glycyrrhizine     ....  556 

Gold 224 

compounds  of     .        •        .  224 

€K>ng  metal 230 

€tottlard*s  extract        . .  .405 

Grape  sugir 418 

action  of  adds  and 
bases  on  .        •    •  419 

Graphite 123 

Green  hjdrokinone        •        .     •  460 

vitriol       ....  236 

Gros,  radical  of     .  .     285—288 

Growth  of  plants        .        .    617,  seq. 

Guaiao^ne 881 

Guaiacum  .  .   880,493 

Gnaiacyl 380 

Guanine 350 

Guano,  composition  and  origin  of.  612 
explanation  of  the  action 

of 612 

Gnarsniney  see  Themi  or  Ck^eine. 

Gum 554 

arabic    .         •         *         •     •  554 

bassora      ....  555 

tragacanth      .        .         .    •  555 

Gun  cotton        •        .        •        •  557 

Gunpowder 239 

Gjrpsum    .        .        •        .        •  236 


H. 


Haib.   .... 

.    .  596 

Harmaline 

.  536 

Hatchetine    . 

.    .  581 

Heat  promotes  combination 

.      7 

produced  by  combination     .    46 

animal,  origin  ot, 

622  seq. 

Heayyspar  . 

.    .  235 

oa  of  wine       . 

.        .  396 

Helidne        . 

.    .  377 

Hellenine 

.  490 

Hemateine    . 

.    .  495 

Hematite  . 

.  180 

Hematosine  •                 . 

.    .  616 

Hematozyline   . 

.        .  496 

Hemipinicadd      . 

.    .  529 

HerbiTors,  animal  heat  in 

.  622 

Hesperidine  . 

.    .  497 

Hippuricadd    . 

.  355 

existo  in  human  urine  355, 610 

products  of  its  deoompod- 

tion 

355, 547 

Hixdcadd    . 

.     .  464 

Honey       . 

.419 

Horn    •        •        •         » 

.    .  596 

diver 

.  223 

Humicadd   . 

.    .  558 

Humine                    • 

.  558 

Humus 

.     .  558 

its  true  function  in 

vege- 

lation 

619,  621 

Hydrate  of  potash  . 

.    .  152 

baryta  . 

.  164 

lime 

.    .  167 

oxide  of  ethyle 

.  386 

soda 

.    .  158 

alumina 

.  171 

sesquioxideofiron 

.    .  181 

Hydrindine 

.  511 

Hydriodic  add       . 

.    .    89 

Hydrobenzamide 

.  358 

.    .    86 

Hydrochloris  add       . 

.    75 

.    .  819 

Hydrocyanic  add 

.  299 

.    .  318 

.        .  315 
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Hydrofluoric  wad  . 

vAsa 
.    92 

lee  . 

VACI 

.     55 

Hydrogen 

.    49 

Didne 

.     .  497 

.     49 

.  514 

properties   . 

.     50 

.     .  514 

chief  componnds 

.     51 

TmaaatinB  • 

.  513 

deatoxide  of 

.     57 

Imasatinic  acid 

.     .  513 

carburetted     . 

.  126 

Imesatine . 

.  513 

ittlphuretted 

.  103 

Indigo,  blue  . 

.     .  503 

perBulphuretted 

.  104 

white      . 

.  505 

aeleniuretted 

.  109 

action  of  sulphuric  add  on    506 

telluretted       . 

.  213 

«              potash  and  heat  on  615 

pho^horetted 

.  118 

nitric  add  on  507, 514 

UBeniuretted  . 

.  201 

dilorine 

on     .     .  512 

•dde         50,  102,  232,  279 

oxidation  of    . 

.  507 

Hydrokinone,  green  and  white 

460 

Indigoticadd,seeiifiat(; 

Acid. 

Hydroleic  acid       . 

.  480 

Indine .... 

.     .  511 

Hydromai*garic  add   . 

.  480 

Indinic  add       . 

.  511 

Hydromargaridc  acid 

.  480 

Inodnicadd 

.    .  608 

Hydromellonic  acid 

.  326 

Inuline     • 

.  553 

Hydroeulphocyanic  add  , 

.  323 

lodates 

.     .  241 

.  331 

Iodic  add  . 

.     90 

.  105 

Iodide  of  lead 

.     .  217 

of  sulphuret 

of 

mercury 

.  220 

ethyle    . 

.  388 

nitrogen. 

.     .     91 

Hydoret  of  acetyle 

.  410 

potassium    . 

.  155 

benzoyle  . 

.  352 

cyanogen 

.    .  311 

cinnaxnyle    . 

.  378 

sulphur 

.  108 

cumyle    . 

.  468 

Iodine  . 

.     .    87 

Balicyle 

.  370 

teste  for . 

.    87 

Hydorilicadd  . 

.  341 

compounds  of     , 

.     .    88 

HyoBcyamine 

.  530 

lodoealicyUc  add 

.  374 

Hypeniricadd  . 

.  351 

Ipecacuanha. 

.    .  533 

Hypochlorites 

.  241 

Iridium    . 

.  227 

Hypochlorous  acid               • 

.    79 

Iridiocyanogen 

.     .  321 

HyponitrouB  acid  . 

.     64 

Iron          .        .         . 

.  178 

Hypophoephorous  add 

.  112 

carburet  of     . 

.     .  184 

Hyposnlphobenzidic  add 

.  367 

oxides  of   . 

.  180 

Hyposulphobenzoic  add 

.  356 

peroxide  of    . 

.     .  180 

HyposulpbogluUnic  acid 

.  577 

protoxide  of 

.  180 

HypoBulphoindigotic  add     • 

.  577 

black  or  magnetic  o 

xide  of  .  18) 

Hyposulphonapthtalic  add 

.  577 

protochloride  of 

.     .  182 

Hyposnlphonapthtic  acid 

'.  577 

perchloride  of 

.  182 

Hyposulphuric  add 

.  100 

iodides  of       . 

.     .  183 

Hypoeolphuioiu  add  . 

.  100 

sulphurete  of 

.  183 

salte  and  teste  of 

180  set). 

I. 

sulphate  of 

.         .236 

.  581 

Isatan  . 

.     .512 

raioz. 
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Isatina 507 

Isatinic  acid 507 

laatinosulphites .        .        ,         .508 

Isatyde 510 

Isethionic  add   .        .        .        .396 

lainglasB 596 

IsomeriBm  ,        ,        .         .42 

Isomorphism         .  .    .    37 

Isomorphous  bodies,  table  of       .     40 
Itaconicadd  .         .         .     .  444 

Ivory-black        .        .        .        .598 


Kakodtlb 

.    .  415 

compounds  of 

.  415 

Kakodylic  add       . 

.    .  415 

Kakoplatyle 

.  416 

Kali,  see  Potaah. 

Kelp     '.        .        .        . 

87,  246 

Kermes,  mineral 

.  210 

Kidneys,  function  of 

.     .  623 

Kinicadd 

.  469 

Kinone         ... 

.     .  459 

Kinovicadd      . 

.  484 

Komenic  acid,  see  Comenic  Acid, 
Kreatine,  preparation  of  .     .  606 

amount  of,  in  different 
kinds  of  flesh   .         .  607 

exists  in  urine  .  .  607 
Kreatinine  ....  547 
Kyanole,  see  Aniline* 


Lac,  resins  of         .        .         .    .  493 
Lactamide,  isomeric  with  urethane 
andsarcodne        .        .        .  396 

Lactates 430 

Lactic  acid  .  .428 

anhydrous,  or  lactido  .  430 

exists  in  juice  of  flesh    429, 

605,  seq. 

is  not  present  in  normal 

urine   .        •      429, 608 
is  found  in  the  gastric 
juice        .         .        .  604 
Lactic  fermentation  .    .  426 


vA*a 

Laetine 422 

Lactucic  acid         .         .         .     .  484 

Lactudne 497 

Lake,  carmine  .  .  .  .  519 
Lamp,  safety       ....  127 

Lampic  add 400 

Lantanium         ....  211 

Lapis  lazuli 161 

Laurel  water      ....  367 

Laurie  add 260 

Laws  of  combination  by  weight     .  10 
by  volumes  .     31 

Lead 215 

oxides  of        .  .    .  216 

other  compounds  of  i  217 

salU  and  tests  of  .  .  .  216 
acetate  of  .  .  .  .  405 
carbonate  of  .  .  .  .  248 
chromate  of  .  .  .  245 
sulphoretof  .        .        .    .  217 

Leather 596 

Lecanorate  of  oxide  of  ethyle       .  500 

Lecanoric  add       .         ...  499 

Legumine  .        .        •         .  585 

^monsyoilof       .        .        .     .  485 

LepidoUte  .        .        .        .161 

Leucine    ....    593, 597 

Leucoliue     .         .        .         .    •  542 

Leucoturic  acid  ....  340 

Light  causes  chlorine  and  hydrogen 

to  combine        •        .         .     .     75 

its  action  on  salts  of  silver    .  222 

is  essential  to  vegetation       .618 

Lignine 557 

lignone 560 

Lime 166 

\       tests  for         .  .    .  167 

I  uses  of  .  .  .  .167 
I        water    .        .         .         .    .  167 

liimone 499 

tiipic  acid 476 

tiriodendrine  ....  496 
Litharge  .  .  .  .  .  216 
tathic  add,  see  Urie  Acid. 

Uthia 161 

Lithium 161 

oxide  of,  or  lithia  .         .161 
tesUof     .        .        .    .  162 

*-Mi<C'/;'\0 f  55 
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LithofeUic  acid  . 

litmns 

liver,  (imctioDB  of 

Lophine 

Lanar  caustic     . 

Lttpulina 

Luteoline  • 

Lymph 


Maddbk 


M. 


paiple,  red,  orange  and 


Magneaia  , 


495 

495 

495 

169 

ammoniaco-phosphate  of  169 


lake 


yellow 


caibonAteof 
sulphate  of 
teats  of 
Magnesium  . 

oxide  of,  or  magnesia 

chloride  of 
Kagnetic  oxides  of  iron 
pyrites         » 
Magnns,  sslt  of 
Malachite  •         * 
Malates 
Maleic  add 
Malic  add     . 
Malt         .        •        . 

its  action  on  sugar 
Manganese 

protoxide  of 

peroxide  of 

diloride  of 

sulphate  of 

teste  of 
Manganic  add    • 
Manganocyanogen  . 
Manna      .         .         • 
Mannite     • 
Manures,  theory  of 
Marble      . 
Margarates    • 
Margaric  add     . 
Margarine    •        . 
Margarone  •        • 

Maigaryle     . 


424, 


602 
,  502 

623 
,  360 
,  240 
,  497 
.  494 
.  614 


247 
236 
169 
168 
169 
170 
181 
184 
285 
248 
451 
451 
450 
587 
588 
173 
174 
175 
177 
236 
174 
175 
321 
.  428 
427»  428 
619 


247 
470 
470 
470 
472 
472 


Mazgarylic   add^   see 

Acid. 
Massicot  . 
Maatic 

Mechltnc  add 
Meconates 
Meoonic  add 
Meoonine 
MeUm 
Melamine 
Melampyrine 
Melasaic  add 
Mellite      . 
Mellitic  add 
Mellone    . 
Mellonides   . 
Membranes 
Menispermine 
Menyanthine 
Mercaptan    • 
Mercaptides 
Mercury 

oxides  of 
chlorides  of 
iodides  of     . 
Bulphoret  of 
bicyanide  of 
salto  and  teste 
Mesite 
Mesityle 
Mesi^lene 
Mesoxalic  add 
Metaoetone 

Metaoetonic  add     .     , 
Metagallic  add  . 
Metaldehyde 
Metals      . 

density  of  • 
hardness  of     . 
tenadty  of . 
fusibility  of    * 
volatility  of 
with  oxygen    • 
chlorine 
iodine, 
sulphur 
of  the  alkalies 
alkaline 


J/isfponc 


216 

493 
499 
458 
456 
498 


•  328 
.  498 
.  421 
.  295 
.  295 
.  325 


.  596 

.  536 

.  496 

.  388 

.  388 

.  218 

.  218 

.  219 

.  2*M 

.  220 

.  313 

.  218 

.  560 

.  413 

.  414 

.  341 

.  421 

260^  421,  477 

.  455 

.  398 

.  134 

.  134 

.  135 

.  135 

.  135 

.  135 

.  136 

.    .  141 

Soe,  143 

.     .  143 

.  148 

earths  .    .  163 
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645 


rAOB 

MetaU)  «arths  proper  •        .170 

noble  .         .         .     .  218 

Metanuurganic  add     •        .         .  480 
Itfetaphoephates,    or     monobasic 

phoapbatea     .        ...  242 
Uetaphospboric  add   .         .        .114 

Metastyrole 493 

Meteoric  iron     .        .         .        .178 
Metbionicadd       .         .        .    .  396 

Methyle 430 

bydrated  oxide  of  .  .  430 
oxide  of  .  .  .  431 
prodnctt     of    oxidation 

of        .         .        .     .  434 

salts  of        .        .        .  432 

Metoldc  add         .        .        .    .  480 

Middletonite  .         .        .581 

Milk 592 

composition  of  .        .         .  595 

sngar  of^  or  lactine  .     .  422 

fermentation  of  .        .  427,  595 

Mineral  food  of  plants .         .  617  seq. 

cbameleon     .        .        .  470 

coal  .        .        .     .  566 

pitcb     .        .        .         .582 

^vaters      .  .    .    57 

Molecules,  compound .  .  264 

Molybdenum         .  .     .  205 

sulpburetof  .        .  206 

Molybdic  add        .  .     .  206 

Morine      .        ,        ,        .         .  495 

Moroxjlicadd       .        .         .    .  484 

Morphine,  or  Morpbia         .        .  525 

salts  and  tests  of    .    .  526 

Mould 558 

Mouldering,  or  decay  of  wood .     .  558 

Mucates 423 

Mndc  acid 423 

Mucus 596 

Mudarino 497 

Mulberry  calculus  .614 

Multiple  proportions  .    •     11 

Mni^xaa 349 

Murexide 347 

Muriatic  add,  see  Jlydt^ochioric 

Acid 
Muscular  4bre   .        .  .592 

Mushroom  sngar    •        .        •    •  424 


Must 588 

Mustard,  oU  of  .  .  .  487 
bases  from  .  487,  544 
Myeomelinic  add  .  .  342 
Myricine  .  ,  •  .  •  483 
Myristicadd  .  260,468 
Myronicadd  ....  489 
Myronne 489 

N. 
Nails  or  amiiuls  .        .  596 

Naphtha 582 

Napbtalase         .        .  .578 

Napbtalicadd  .         .    .  579 

Naphtalitine      .  .        .  544 

Naphtaline    .        .        .        .     .  569 

action  of  nitric  add  on   578 

ofchlorine&con  570 

of  sulphuric  add 

on  .        .     .  577 

Napbteine  .        .  .582 

Naicdne 528 

Narcogenine      ....  529 

Narcotine      .....  528 

Narcotinic  add  ....  530 

Natrium,  see  Sodium, 

Natron,  see  Soda. 

Nervous  matter     .        .        .     .  602 

Neutral  salu      .        .  .238 

Nickel 192 

oxides,  chlorides  of,  &c.    .193 

tests  of      .        .        •    .  198 

Nicotine    .        .        .        .        .523 

^itianiline 519 

Nitranislc  add  .  .        .466 

Nitrantbraoenase,  &c  .     .  580 

Nitn4>htaUc  add         .  .580 

Nitntes 238 

Nitre,  or  nitrate  of  potash   .        .  239 

cubic,  or  nitrate  of  soda      .  239 

Nitricadd         •        .         .        .65 

Nitric  oxide  gas     .        .        .     .     63 

Nitrindine  .        .        .        .511 

Nitrobenzide  .         .        .     .  857 

Nitrobenzole,  see  Nitrobemide, 

Nitrogen   .        .        .        :        .    58 

preparation  of .        .     .     58 

properties  of         .        .    58 
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Nitrogen,  protoxide  of  .  .  .  62 
deutoxidc  of  .  .68 
chloride  of  .  .  .  84 
iodide  of  .  .  .91 
bicarbiiret  of,  or  cyano* 

gen  .  .  .  128,  297 
Nitrohjdrocfaloric  acid  .  .  .  79 
Nittohydorilic  add  .         .841 

Nitromeconic  acid  .  .  .  .  499 
Nitronaphtalase,  or  nitronaphteae.  578 
Nitronaphtale  •        •    •  579 

Nitronaphteae    .       •.  .  578 

Nitronaphtesic  acid  •  .  .  579 
Nitronaphteiae  ....  578 
Nitronaphteiaic  acid  .  .  .  579 
Nitronaphtiae  ....  578 
Nitrosapbtiaic  add  .  .  .  579 
Nitrophcnesic  add  .  .  .  568 
Nitropheniaic  add,  see  Picric  Acid, 
Nitrophtalic  add  .  ...  580 
Nitropicric  add,  aee  Picric  Acid, 
Nitroaalicjlicadd        .        .        .874 

Nitroetyrole 485 

Nitrotolttole       .        .         .        .492 

Nitroua  add  •        .         .        .     .     64 

oxide     .        .         .        .62 

Nomenclature,  chemical .        •     .       4 

Nntgalla 452 

Nutrition  of  plants  and  animals    .617 

O. 

Odorinb 542 

Oenanthic  add       .        .        .     •  467 
ether         .        •        .  467 

Oenanthole 463 

Oenanthylic  add  •  .  .463 
Oil  of  anise  .        .466,486 

aasafetida  .         .  490 

bitter  almonds .  .  352, 486 
dnnamon  .  .  .  486 
cloves  468,486 

copaiva  ....  485 
cumin  .  .  467,486 
estragon  ....  487 
garlic  .         .         •     .  490 

gaultheria  .  •  .  433 
juniper  .  .  .  .  485 
lemons    ....  485 


add  on 


Oil  of  mustard  .     .  489 

neroli      .         .         .         .485 

apima  370,486 

turpentine  .  484 

valerian  .     .  486 

Oils  &t  or  fixed  .     478,482 

actien  of  heat  on  .         •  479 

sulphuric  add  on 

nitrous 

bases  on 

Oleates     . 

Olefiantgas  . 

Oleic  add 

Oleine 

OleophoBphoric  add 
Olivile 
Olivine     . 
Opiammon    . 
Opianic  add 
Opium 

active  prindplee  of 
Oroeine 
Ordne 

Ordnolecanoric  add 
Oi^ganic  compounda, 
elementa  of 
metamorphoees  of 
adda 


Orpiment 
Osmic  add         . 
Osmium 
Oxalates   . 
Oxalic  add    . 

tests  of 
Oxalovinic  add 
Oxamate  of  oxide  of  ethyle,  or 


Oxamethylane 
Oxamic  add 
Oxamide 
Oxanilide  . 
Oxidation  of  metala 

of  uric  add 


480 

480 

481 

475 

128 

474 

475 

602 

499 

499 

528 

528 

525 

525 

500 

500 

.     .  501 

cbaractefB  of  253 

.  251 

.  266 

.  279 

.  521 

.  201 

.  228 

.  228 

.  291 

.  290 

.  291 

392 


39S 
433 
293 
293 
541 
136 
335 


of  compounds  of  ethyle  397 

of  indigo        •         .     .  507 

Oxides,  definition  of  •         .         .47 

Osychloride  of  acetyle    .         .    .  406 


INSBZ. 


647 


Ox7chIoiide  of  antimony 
formyle  . 
Oxygen     . 

gBS,  its  preparation 
its  properties 
its  uses  •     . 
its  relation  to 

bastion 
its  compounds 
Ozyhydrogen  blowpipe 

P. 
Pallidiocyanogbm     . 
Palladiam  . 

compoonds  of 
Palmoa 
P^dmic  add 
Palmine 
Palmitic  acid 
Palmitine 
Pancreatic  juice 
Panification   . 
Parabanic  acid 
Paracyanogen 
Paiaffine   . 
Paramenispennine . 
Panmide  . 
Panm^htaline 
Paratartaric  acid,  tee 
Parellic  add . 
Parietine  . 
Pearl  ash 
Pelargonic  add 
Pelopium  . 
Pepdne 
Percblorates 
Perchloric  acid 
Pereirine   . 
Periodic  add . 
Permanganic  add 
Pern  balsam . 
Peravine  . 
Petroleum    . 
Pencedanine 
Pencyle 

Ph^ne  or  benzole 
Phenylanide,  see  ilnt/wM. 
Phenyle    .        . 


260, 


Jtacemicacid. 


.  210 
.  437 
.  44 
.  44 
.  45 
.     45 

.  46 
.  47 
.    51 


321 

228 

229 

469 

478 

478 

469 

469 

609 

,  588 

.  342 

.  323 

.  565 

,  536 

.  296 

580 


500 

404 

246 

I,  463,  477 

.  208 

.    .  605 

.  240 

.    .     82 

.  537 

.    .     90 

.  176 

.    .  379 

.  379 

.     .  582 

.  498 

.     .  485 

.  357 

567 


Phenyle,  oxide  of . 

Phloretine         .        •         . 

Phloridzeine  • 

Phloridzine 

Phocenic  add 

Phosphates,  monobasic 
bibadc 
tribasic 

Phosphoric  add,  anhydrous 
monobasic . 
bibasic  . 
tribodc 

Phosphorous  add   . 

Phosphorus 

chlorides  of  . 
sulphurets  of     . 

Phosphuret  of  nitrogen  • 

Phosphuretted  hydrogen 

Phtalic  add  . 

Phtalamide 

Phtalimide   . 

Phyllirine 

Phylloretine . 

Picamar    .... 

Picoline 

Picric  add 

Picrolichenine 

Picrotoxine 

Picryle 

Pinchbeck 

Pinic  add     . 

Piperine     .... 

Pitchblende  . 

Pitch,  mineral    . 
of  Judea 

Pittacal     .... 

Plants,  nutrition  of 

ashes  of,  as  manure  . 

Plaster  of  Paris      . 

Plasters    .... 

Platinocyanogen    . 

Platinocyanide  of  Potassium 

Platinum 225 

oxides,  chloridesy  &c.  of  .  227 
bases  containing  •  284,  seq. 
base  containing,  with  anenic  416 
spongy  •  .  .  .  226 
bkck  or  powder       •        .  226 
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PlumlMgiiie  . 
Plambajjo  • 
Poljohraite   . 
Poljehrome       .        • 
Polymensm  • 
Populine   . 
Porphyroxiue 
Potash 

hydnte  of,  or  caustic 
acetate  of 
oarbonateof 
bicarbonate  of. 
orooonate  of 
chlonte  of 
ohroiiiateof 
bichromate  of  • 
eyan&te  of  . 
iodate  of 
nitrate  of   . 
perchlorate  of . 
permanganate  of 
sulphate  of 
tartrate  of  . 
bitartrate  of    • 
Potaasium . 

ogddesof 
chloride  of 
bromide  of 
iodide  of 
fluoride  of 
cyanide  of  . 
fBrridcyanide  of 
feRocyanide  of 
oobaltocyanide  of 
chromocyanide  of 
iridiocyanide  of 
platinocyanide  of 
palladiocyanide  of 
manganooyanide  of 
mellonide  of 
Bulphocyanide  of 
Bulphurets  of 
Potato  starch 
Potato  spirit,  oil  of     . 
Precipitate,  red 
Proofspirit 
Proportions,  definite 
Ftoteine,  Mulder*s  tfaeoiy  of 


niBBX. 


498 
.  122 
495 
496 
43 
496 
497 
151 
151 
404 
.  246 
246 
295 
240 
245 
245 
304 
241 
239 
240 
176 
235 
445 
445 
148 
151 
154 
155 
155 
155 
.  312 
319 
315 
319 
320 
321 
321 
321 
321 
326 
324 
156 
551 
425,  438 
218 
387 
10 
583 


Proteine,  its  existenee  donbtfiil     .  5^ 
Prussian  blue         .         .  .     .  31' 

Prussic  sdd,  see  Hydr^cycaUe  Acid, 


Pseudoeiythrine 
Pieudomorphine 
Purple  of  Caadus  . 
PutrefiMstion       • 
Pyrcne. 
Pyrites 

Pyrophosphoric  add 
I^rrogallic  add  . 
I^Toligneous  add  . 
Pyromeconic  add 
I^rrotartaric  add    . 
Pyrozanthine 
I^roxylic  spirit 


50 
.  5^ 

!  2ft 

.  l^ 
.  IJ. 
.  454 
.  55!» 
.  45» 

430 


Qdadbochlorids  or  xitrogest  84 

Quaasiine 4$7 

Quercitannic  add        .  .  iS^ 

Querdtrine  .  .  .     .  4^4 

Quicklime  .         .         .  .  16S 

Quicksilver,  see  Mercury, 

Quinine 524 

Quinoidine    ...  .     .  52S 

Quinoline.  .    524,542 


Racexioacid    •  •         .442' 

Radicals,  organic    .  .     .  255 

of  Reiset  and  Gn»  285>,  se|. 

Rain  ^vater  contains  *mmna>i^  284,622 

Realgar 201 

Red  colouring  matters    .         .     .  495 

lead  .        . 

predpitate 


Reduction  of  metals 
Reiset,  Radicals  of 
Rennet     . 
Resin  of  aldehyde 
Resins 
Resineine 
Respiration 
Retinaphtha  • 
Retinole    , 
Retinylene    . 
Retistemo        • 


.  217 
.     ,  2U 

.  1» 
285,  ses. 

.5S4 
.    ,  3SR 

.491 
.     .  4^ 

.  622 
.     .494 

.  494 
.     .  494 

.491 
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Rhodium 

.     .  229 

Selenium 

, 

If      .         .229 

Seminaphtalidine    .... 

Rhodeoretbe 

.    .  493 

Seneguine 

.  493 

Serum  of  blood 

Rhodizonic  acid      . 

.     .  294 

Seequioxide  of  iron     . 

Rocellic  ftdd      . 

.  467 

aluminum 

Rocbello  aalts 

.     .  446 

chromium     . 

Rock  salt  . 

.        .  159 

manganese 

R^uge  yegetate 

.     .  495 

Snica  or  siUdc  add     . 

Rubinic  add 

.  456 

Silicates        .... 

Ruthenium  . 

.     .  228 

Silicoflnorides    . 

Silicon           .... 

a 

terchloride  of  . 

terfluoride  of 

Sabadillhik 

.  532 

Silver       .... 

Saccharic  add 

.     .  421 

oxide  of       .         •        . 

Sacchulmine 

.  420 

chloride  of 

Safflower,  7ellow  and 

red  of    .    .  495 

iodide,  and  iulphuret  of 

Saffron      •         • 

.  495 

sulphate  of 

Safety  lamp  . 

.    .  128 

nitrate  of     . 

Sal  ammoniac    . 

.     68 

tests  of     •        . 

Salidne 

.    .  374 

products  of  deco 

mposition  of  375 

fulminating       .        • 

SaUcyle 

.    .  370 

alloys  of       . 

hyduret  of 

.  370 

Sinapisine 

Salicylic  add 

.    .  872 

Sinapoline     .... 

Salicylamide  yields  ca 

rboUc  add  .  569 

Sinnamine 

Salicylous  add       . 

.    .  370 

Slaked  lime  . 

SalicyUmide        . 

.        .        .  371 

Smalt        .... 

Saligenine     . 

.     .  375 

Smiladne      . 

Saliretine 

.  876 

Soaps         .... 

Saliva 

.    .  609 

Soda     .... 

Salt,  common    . 

.  159 

acetate  of 

definition  of  the 

term      .    .  232 

Salts,  general  remarki 

ion     .        .  232 

bicarbonate  of    . 

constitution  of 

.     .  232 

hypochlorite  of 

sulphur     . 

.  248 

nitrate  of 

Sanguimazine 

.    .  535 

phosphates  of 

Santoline 

.  495 

sulphate  of 

Santonine 

.     .  496 

tartrate  of,  and  potash 

Saponine 

.        .        .  497 

choleate  of 

SciUidne        . 

.     .  497 

tests  of 

Sebacic  add       . 

.  475 

Sodium      .... 

ether 

.        .    .  475 

chloride  of 

Selenaldine 

.  399 

oxide  of 

Selenic  add 

.    .  109 

sulphuret  of 

Selenite 

.  236 

Soils,  fertiUty  of 

Selenioui  add 

.    .  109 

Solanine 

660 
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Solden     .        .        .        . 

.  230 

Sugar  of  gelatine,  tee  O^yooopa 

.    .  502 

oflead     .        .        . 

.  405 

9pu,  heavy        . 

.286 

formed  from  itaidi,  woody 

fluor     • 

.    .  167 

fibre,  gumy&c 

.     .  419 

Spei-        .        .        . 

.  193 

Solphamethylane  . 

.     .482 

Spcmisceti 

.     .  482 

.  510 

SpiiM,  oa  of    . 

.  370 

Sulphate  of  alumina  and  potaal 

h    .  238 

Spirit  of  wine 

.    .  387 

ammonia. 

•  235 

proof 

.        .  887 

banrta 

•  235 

pyioxilic 

.    .  430 

cobdt      . 

•  217 

of  hartsboDi 

.    68 

copper 

.  237 

Staphjsme     . 

.    .  683 

lime        .         . 

.  237 

.  550 

magneaia     . 

.  237 

potato,  &c 

.     .  551 

aadpotai 

ih  .  237 

Stearates    .         .        •         . 

.  471 

manganese 

.  236 

Stearic  add 

.    .  471 

mercury 

.  237 

Stearine     . 

.  471 

nickel      . 

.  237 

Steel 

.    .  184 

potash         •. 

.  235 

Stilbene    . 

.  363 

soda                 • 

.  235 

StnoQonine   . 

.    .  581 

.510 

Stnmtiuin          .        • 

.  166 

.  363 

oxide,  tests  of,  &c 

,  .    .166 

Sulphoamylic  add  . 

.     .439 

Strontia    •        •        • 

.  166 

Sulphobenzide    .        . 

.357 

carbonate  of 

.    .247 

.465 

nitrate  of 

.  239 

.465 

sulphate  of 

.    .  236 

Sulphocetylic  add  . 

.438 

Strychnine 

.  533 

.  324 

St^Tadne 

.    .  493 

ammonium  . 

.  327 

Styrole      . 

.  493 

Sulphocyanic  add 

.323 

Snberic  add  . 

.    .  473 

.     .  32S 

Subacetate  of  lead      . 

.  405 

Sulphoglycericadd     . 

.44« 

copper       . 

.     .  405 

Sulphoiudigotic  add 

.     .5W 

Suboxide  of  copper     . 

.  214 

Sulpholeic  add 

.  m 

Substitution,  doctrine  of 

261,  573 

»   .m 

Succinic  add      • 

.  473 

Sulphomellone 

.331 

Suodnamide 

.     .  474 

Sulphomethylie  add       . 

.     .414 

Sugar,  cane 

.417 

Sulphonaphtalide 

.  577 

with  bases  . 

.     .  418 

.     .  577 

grape      . 

.  418 

Sulphopianie  add 

.525 

withbMe8,&c 

.     .  419 

Sulphovinic  add    . 

.    .  39» 

diabetic      . 

.     .  419 

Sulphur    •        »        •         • 

.    S3 

of  milk  . 

.  422 

chlorides  of 

.    .  107 

of  muahrooms     . 

.     .  424 

iodide  of 

•  108 

fermentation  of 

.  424 

with  metals 

•     .143 

lactic  fermentation  o 

f .     .426 

and  oxygen     %         • 

•    94        t 

butyric  fermentation 

of    .  428 

Sulphuretted  hydrogen   . 

.    .  109       , 

viscous  fermentation 

of     .  427 

hyposulphuxie  ac 

Id  .  101        1 

action  of  heat  on 

.  421 

Sulphuretofammooiom     • 

.105 

J 
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Sulphnrct  of  antimony   • 

rA«a 

.     .  210 

Tekoretinc 

FAM 

.  582 

arBenic.  . 

.  201 

Telluretted  hydrogen     . 

.    .  213 

barium       • 

.    .  165 

Telluric  add      . 

.  213 

f^tp^nm 

.  187 

Tellurium     .         .        . 

.    .  213 

cobalt 

.     .  192 

Tenadty  of  metals      .. 

.  135 

copper    . 

.  215 

Terbium 

.    .      2 

ethjle 

.     .  388 

Tests  for  arsenic  . 

.  195 

iron 

.  183 

Thebaine 

.    .  527 

load 

.    .  217 

Theine  or  Qaffeine     . 

.  536 

mercuiy          • 

.  220 

Theobromine 

.    .  536 

methyl©     . 

.    .  431 

Thialdine 

.  399 

molybdenum  . 

.  206 

Thionurate  of  ammonia 

.    .  844 

nickel 

.     .  194 

Thiouuricadd  . 

.  344 

nitrogen  . 

.  105 

Thiodnnamine      . 

.    .  488 

potattium  . 

.    .  156 

Thorina    . 

.  173 

silver     . 

.  224 

Thorite         ... 

.    .  173 

Bodium 

.     .  161 

Thorium  . 

.  173 

tin 

.  189 

Tin      .         .         . 

.    .  187 

zinc 

.    .  186 

oxides  of      .        . 

.  188 

Sulphuric  add,  anhydrous  . 

.    96 

chlorides  of      .  .      .  . 

.    .  189 

hydnted 

.     .    96 

Bulphnret  of 

.  189 

Sulphurous  add 

.     94 

tests  of   . 

.     .  188 

Snrinamine 

.     .  536 

alloy  of 

.  230 

Sylvic  add 

.  492 

Titanic  add  . 

.     .  212 

Symbols  and  formuln  .  . 

.     .     26 

Titanium 

.  212 

Synaptaae 

.  367 

chloride  of      . 

.    .  213 

Syringine 

.    .497 

Toluidine 

.  542 

Toluole 

.    .  380 

T. 

Tombac    .        .        .        . 

.  230 

Tanacktius       .                 . 

.  496 

Tribromaniline 

518, 541 

Tanghine  .  .     .   .     .   . 

.     .  498 

Trichloraniline  . 

518,541 

Tannates 

.  453 

Tungsten 

.    .  206 

Tannic  add  . 

.    .  452 

chloride  of  . 

.  207 

Tannin,  see  Tcmme  Acid 

Tungstic  add 

.    .  207 

Tanningenic  add 

.  456 

Turkey  red        .        .        . 

.  495 

Turmeric               • 

,    .  494 

Tartar,  cream  of 

.  445 

Turpentine 

.        .  492 

soluble       .        . 

.    .  445 

oil  of   .        . 

.     .  484 

emetic    . 

.  446 

Type  metal 

.  230 

Tartaric  add 

.     .447 

lysine 

.    .  593 

anhydrous 

.  447 

Tartnlic  add 

.     .  448 

U. 

Tartrelicadd    . 

.  448 

Ultrakauns    . 

.    61 

Tartrates 

.    .  445 

artificial 

.    .    61 

double 

.  446 

Upas  poison,  or  antiarine 

.  497 

Taurine        •        .        • 

.     .  601 

Unun  le.       .        .        • 

.    .  344 

Tea,  its  actiTo  prindple       . 

.  537 

Uramilic  add     • 

.        .  844 

Teeth,  enamel  of  . 

.    .  168 

Uranium 

.     .  210 
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Unninm,  tetto  of 

.211 

VoUtile  alkaU 

.    €8 

Umto  of  unmooU .        .        833,  335  | 

oily  adds  . 

260,  460 

Urea        .... 

.  305 

oily  bases 

.523 

wtificul 

.  305 

.    .    31 

aniline 

.  541 

table  of  combuiing 

.    32 

nitntteof      . 

.  306 

oxalate  of  . 

.  306 

W. 

Ureihane      .... 

.  395 

WATxa     .... 

.    51 

Uiethylane 

.  433 

.    .    53 

Uric  add      . 

.  333 

properties  of  . 

.    55 

deriTatives  of 

.  335 

uses  of 

.    .    55 

Uric  oxide  or  xanthic  oxide 

.  350 

distilled 

.    57 

Urinary  caleiiU  . 

.  613 

hard  and  soft 

.    .    57 

Urine  of  man         ... 

.  610 

nin       .         .        . 

.    56 

of  serpentB 

.  610 

spring 

.    .    56 

of  birds 

.  610 

mineral 

.    57 

of  herbivora      .        • 

.  610 

addulouB    • 

.    .    57 

of  earaivora 

.  610 

chalybeate 

.    57 

nae  0^  a>  manure 

.  612 

saline 

.    .    57 

Utyle 

.    .  349 

sulphoreous    . 

.    57 

Umicadd 

.  502 

Wax         .... 

.  483 

White  lead  . 

.    .248 

T 

.284 

Vaccimicacid 

.  462 

vitriol       . 

.     .  236 

Yaleraoetonitrile 

.597 

Wine,  oil  of 

.  396 

Valerianic  add 

.  466 

Witherite     . 

.    .  247 

Valerian,  oU  of  . 

.  466 

Wood       .... 

.  494 

Valeronitrile 

.    .  597 

distillation  of 

.    .  559 

Vanadicadd      . 

.  204 

decay  of 

.  558 

Vanadium    . 

.  204 

coal,  or  brown  coal 

.     .  566 

Vamiahei 

.  494 

Woody  fibre      . 

.  556 

Vanridte 

.    .  177 

Vegetable  albumen    . 

.  584 

X. 

fibrine  . 

,    .  585 

XlNTmC  ACID      .            .           • 

.  393 

casemo       •        • 

.  585 

oxide       . 

.     .  350 

Vegetables,  nutrition  of . 

.    .  617 

Xanihopenic  add 

.  528 

minemls  essential  1 

to  .  617 

Xyloidine     . 

552,  557 

Veratric  add 

.    .  464 

Xyloietine 

.557 

Veratrine 

.  531 

XyUte 

.     .  560 

Verdigris      . 

.    .  405 

Xyliticoil 

.560 

Vermilion 

.  221 

naphtha     . 

.     .560 

Vinegar 

.    .  401 

resin 

.560 

wood 

.  559 

Vinous  fermentation 

.    .  424 

Y. 

Vitriol,  oil  of     . 

.    96 

YbaST  on  FBEMBNT 

.     .5© 

Uue 

.    .  237 

Yellow  colouring  matter      , 

.  4<)4 

green     . 

.  236 

chrome      .        • 

.     .  243 

white 

.    .  236 

Yttria      .        .        .        . 

.  173 
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Yttrium 
Yttrotutalite 


Zatfrb 

2^uithopicrine 
Zinc 


VA»B 

172 
173 

Zinc,  oxide  of        . 
chloride  of 

PAax 

.     .  185 
.  186 

■ulphnrot  of  . 
tests  of 

.     .  186 
.  186 

191 
497 

sulphate  of     . 
Ziroonia 

.    .  286 

.  173 

185 

^rconium     . 

.    .  172 

THE   END. 
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CHEMISTRY. 

TURNER'S  ELEMENTS  OF  CHEMISTRY.  Eighth 
Edition.  Edited  by  Justus  Likbig,  M.D.,  Professor  of  Che- 
mistry in  the  Uniyersity  of  Giessen,  and  William  Greoo&y, 
M.D.,  Professor  of  Chemistry  in  the  University  of  Edinburgh. 
I  YoL  8yo.     II,  lOf. 

Sold  dUo  in  Two  ParU, 

Part  I.— INORGANIC  CHEMISTRY.    Us.  cloth. 

II.— ORGANIC  CHEMISTRY.    Us.  doth, 

•<  HsTliig  ezpneaed  oar  hkb  opinion  of  this  work  on  Chemistry  seTend 
times  alNMv,  and  the  high  mue  we  have  set  upon  it  having  been  reaponded 
to  by  its  rapid  eale,  any  ftirther  remarks  are  the  more  unneoeseary ;  and  we 
may  oondude  by  recommending  the  present  edition,  so  ably  edited  and  eare- 
ftiUy  produoed,  as  second  to  no  other  treatise  on  tlie  subject  of  Chemistry  la 


OUTLINES  OF  CHEMISTRY,fortheUse  of  Students. 
By  William  Gregort^  M.D.,  Professor  of  Chemistry  in  the 
University  of  Edinburgh.  Second  Edition,  revised  and 
enlarged.  Complete  in  1  vol.  foolscap  8vo.,  12«.  cloth.  Part  I. 
(Inorganic  Chemistry),  Ss.  cloth.  Part  II.  (Organic  Cur- 
mistrt),  7s.  doth. 

*'  This  is  beyond  comparison  the  best  introduction  to  Chemistiy  which  has 
yet  q>peared.  The  directions  for  preparing  substances  are  usually  confined  to 
the  beii  method,  so  that  brevity  and  selectness  are  combined.    The  sixe  and 

'oe  of  this  little  work,  as  we 

t  of  Chemistiy."— XanceC. 


the  price  of  this  little  work,  as  well  as  Its  intrinsic  merits,  commend  it  to  every 
studento —      


OUTLINES  OF  THE  COURSE  OF  QUALITATIVE 
ANALYSIS  FOLLOWED  IN  THE  GIESSEN  LABOR- 
ATORY.  By  Henry  Will,  Ph.  D.,  Professor  Extraoi^ 
dinary  in  the  University  of  Giessen.  With  a  Pre&ce,  by 
Baron  Liebio.  8vo,  6s.  ;  or  with  the  Tables  mounted  on 
linen,  7s. 

'*  The  present  work  contains  an  accurate  description  of  the  course  I  have 
followed  in  my  laboratoiy  with  great  advantage  for  twenty-five  years.  "-^ 
Barou  LicBio. 


ADVERTISEMENTS. 


CBEMJaTBY— continued. 

ELEMENTS  OP  CHEMICAL  ANALYSIS,  QUA- 
LITATIVE AND  QUANTITATIVE.  ByEDWAHDAicDRBW 
Pabnkll,  Author  of  ^  Applied  Chemistrj  in  Artey  MforailM- 
tores,  and  Domestic  Economy.'*  Second  Edition,  reTised 
throughouti  and  enlarged  by  the  addition  of  200  pages.  8to, 
14&  doth. 


The  eokisamant  of  the  present  edition  It  priadpally  eMued  bjthe Intro- 
duotiOB  of  a  maeh  fuller  aoeount  of  the  different  le-a^eate,  by  an  smpUfiea- 
tlon  of  the  pwt  on  qualitative  amlyBls,  and  by  Ihe  IntroductloB  of  eeveral 
tmpoxtaat  prooesaei  for  the  analjFsia  or  TBlnation  of  TBzions  artidco  of  com- 
meree,  eaen  as  alkalies,  ores  of  manganese,  copper,  lead,  and  other  metals ; 
bleaching  powder,  guano,  and  similar  mannres,  saltpetre,  etc  The  work 
inehides  an  aeoonnt  of  the  ose  of  the  mouth-blowpipe  in  analysla,  the  detectton 
of  poisons  In  organic  miztnres,  the  qualitative  analysis  of  nrine,  and  dis- 
crimination of  nxinaiy  calculi,  and  the  operations  of  oiganle  analysla. 


PROFESSOR  LIEBIQ'S  WORKS. 


RESEARCHES  ON  THE  CHEMISTRYOF  FOOD. 
By  Justus  Libbiq,  M.  D.,  Professor  of  Chemistry  in  Hie 
University  of  Gieasen.  Edited  from  the  Author's  MS.  by 
William  Gregory,  M.I).,  Professor  of  Chemislary  in  the 
Unirersity  of  £<tinburgh.    Sto,  6<.  6d,  cloth. 

**  The  medical  man  wDl  find  In  these  researches  a  prospect  of  many  and 
great  Improvements  in  practice,  whether  as  regards  dietetia  or  the  action  of 
adds,  alkalies,  and  salts  on  the  digestive  and  renpiratoxy  processes ;  and  with 
respect  to  botti,  it  is  to  Chemlstiy  he  must  look  for  assistance  in  his  efforts  to 
advance.  Lastly,  the  present  work  contains  some  most  vafaiable  pracdeai 
applications  of  the  chemical  discoveries  therein  detailed,  to  an  art  which 
immediately  concerns  the  whole  of  mankind,  name^,  the  cnlinaiy  art."-— 
EdUor't  Pr^aee. 


FAMILIAR  LETTERS  ON  CHEMISTRY,  AND 
ITS  RELATIONS  TO  COMMERCE,  PHYSIOLOGY 
AND  AGRICULTURE.  By  Justus  Likbig,  MJ).,  Pro- 
feasor  of  Chemistry  in  the  University  of  Giaesen.  Edited 
by  John  Gardner,  M.D.,  Member  of  the  Chemical  Sodeiy. 
Third  Edition.    Fcap.  8vo,  Am.  6d. 

**  That  the  public  will  discover  its  merits,  and  that  it  will  find  Its  way  Inlo 
the  drawing-room  as  well  as  the  library,  and  be  eqoaUy  prised  by  the  advanced 
man  of  science  and  the  student,  we  venture  to  say  Is  certain ;  and  It  mmt 
Increase  the  respect  entertained  for  Ghemistiy  wherever  it  is  read.— CStoaiost 
Qazettt, 


ADVERTISEMENTS. 


PROFESSOR  LI£BIG*S  WORKS— c«mlt9iv«<2. 

III. 

FAMILIAR  LETTERS  ON  CHEMISTRY.  SBCoyD 
Series.  THE  PHILOSOPHICAL  PRINCIPLES  AND 
GENERAL  LAWS  OF  THE  SCIENCE.  By  Justus 
LiEBio,  M.D.,  Professor  of  Chemistry  in  the  UniyerBity  of 
Griessen.  Edited  by  Johm  Gabdnbr,  M.D.  Foolscap, 
8to,  5i, 

"  11i«  plan  of  fb«  Letten  It  m  tlmpls  and  InteUlglbto  as  their  iWle.  The 
Author  sets  out  with  a  general  oonaldetation  of  Chemiatiy ;  and  of  the  rank 
to  which  it  la  entitled  among  the  other  sdenoei ;  tnate  shortly  of  chemkal 
affinity  and  chemical  equivalents,  Oloitiating  the  •ymbols  and  formul*  by 
whkh  theae  affinities  are  ezprsssed;  explains  the  atomie  theoir ;  eonaiden 
the  reUtions  of  beat,  light,  electricity,  and  gravity  to  chemieal  ftn«e»  and 
ahowi  wherein  these  forces  differ  from  what  has  been  called  the  vital  principle ; 
and  lastlv,  dlscussea  the  transformations— fennentation,  putrefaction,  and 
deeay--which  take  pkoe  in  omaak  bodiea  when  ramoved  flrom  the  infloenoe  of 


CHEMISTRY  IN  ITS  APPLICATIONS  TO  AGRI- 
CULTURE  AND  PHYSIOLOGY.  By  Justus  Libbio, 
M.D.,  Ph.D.,  F.R.S.,  Professor  of  Chemistry  in  the  Uniyer- 
sity  of  Giessen.  Edited,  from  the  MS.  of  the  Author,  by 
Lton  Platpair,  Ph.D.,  and  William  G&bgobt,  M.D. 
Fourth  Edition,  revised.    8vo,  10«.  6d,  cloth. 

**  It  is  not  too  mnefa  to  say,  that  the  publication  of  rrofassor  Lieblg's 
Oigaak  ChMnlstiyof  Anicultnre  consUtntes  an  era  of  great  importanoe  In  the 
hiatonr  of  Agricultural  Sdenoe.  Itt  accepUtnee  as  a  standard  is  unavaidabk  ,• 
/i^/oUowiHff  closdy  in  the  straight  path  of  tndtMetw  Philosophy,  the  eoiteUu 
sions  which  art  drawn/rcm  its  data  are  ineontrovertible,  we  can  tmly  say, 
that  we  have  never  risen  from  the  perusal  of  a  book  with  a  more  thoroni^ 
conviction  of  the  profound  knowledge,  extensive  rsading,  and  praetieal  research 


of  its  author,  and  of  the  Invtandble  power  and  importance  of  itt  reasonings  and 
conclusions,  than  we  have  gahMd  flrom  the  prssent  volume."— <SiWiiion*< 
Joumak 


ANIMAL  CHEMISTRY  ;  or,  CHEMISTRY  IN  ITS 
APPUCATIONS  TO  PHYSIOLOGY  AND  PATHO- 
LOGY. By  Justus  Libbio,  M.D.,  Ph.D.,  Professor  of 
Chemistry  in  the  UniTersity  of  Giessen.  Edited,  from  the 
Author's  liannseriptyby  William  Gbkoobt,  M.D.,  Professor 
of  Cheoiistry  in  the  Umversity  of  Edinburgh .  Third  Edition, 
almoet  wholly  re-written.  8to.  PoH  /.  {thefirtt  half  of  tU 
work)  6s,  6d.  eioih,juiipubUah£d. 

*'  Under  the  heads  of  animal  heat ;  of  the  nutrition  of  the  eamlvora  and 
herblvora ;  of  the  origin  and  use  of  the  bile ;  of  the  relation  between  the  change 
of  matter  and  the  consumption  of  oxygen  :  of  the  origin  and  use  of  the  non- 
nltrogenised  elements  of  food,  and  particuJarty  of  fat,  and  their  relative  value 
as  souzesa  of  beat ;  of  the  enels  of  aloebol  and  fermented  Uquors ;  of  the 
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CHEMICAL  WORKS-HxmlHticed. 

effecti  produeed  on  the  Tolamo  of  the  ioaplred  air  bj  ttie  diiSmnt  axiidm  of 
food  ;  ftnd  lastly,  of  the  true  fonctions  of  ihe  intestinal  canal,  and  (he  ottetai, 
nature,  and  oompodtion  of  the  faeeee,  with  thebr  relation  to  the  food,  and  t» 
the  supplv  of  oxygen ;  under  all  these  heads,  the  reader  will  find  nich  aa 
amount  of  new  and  interesting  niatter  as  must  satisfy  him  that  we  have  entenMl 
on  the  true  path  of  discoveiy,  and  that  the  indostiy  of  modem  ehemista  hac 
been  most  profitably  employed  during  the  period  wliich  has  elapsed  sinee  the 
first  edition  of  this  work  appeared."— i¥om  the  £ditoi*i  Ad     " 


PRACTICAL  PHARMACY.  CompriflingtheArnrnge. 
ments,  Apparatus,  and  Manipulations  of  the  Phannaceiitical 
Shop  and  Laboratoiy.  Bt  Francis  MoHiiy  Ph.  D.,  AsBesaar 
Pharmacin  of  the  Royal  Pnunan  College  of  Medicine^ 
Coblentz.  Edited,  wi&L  numerous  Additions  and  Alten^ 
tions,  adapting  it  for  the  use  of  En^^  Chemists,  by  Teuo- 
FHiLus  Redwood,  Professor  of  Pfaannacy  to  the  PbanDaceo- 
tical  Society  of  Great  Britain.  One  yohune,  8to,  iUnstnted 
by  seyeral  hundred  Engravings  on  Wood. 

APPLIED  CHEMISTRY:  IN  MANUFACTURES, 
ARTS,  AND  DOMESTIC  ECONOMY.  Edited  by  E.  A. 
Parhell,  Author  of  ^  Elements  of  Chemical  Amdyaia" 
With  numerous  Wood  Engravings  and  niustrationa. 

Vol,  /.,  13«.  doiik  lettered^  coMomu  .^-^ 

Pbelimtnart  Obsbrvations — Gas  Illumination — ^Pbsseetation 
OF  Wood — Dteino  and  Calico  Printing. 

Vol.  11^  13ff.,  clotk  lettered,  containi:-^ 

Glass — Starch — Tanning — ^Caootchouc — Borax  and  the  Bq- 
RACic  Lagoons-- Soap — Sulphur  and  Sulphuric  Acid,  and 
Soda. 

LECTURES  TO  FARMERS  ON  AGRICULTURAL 
CHEMISTRY.  By  Alexander  Pbtzholt.  PecpU^s  Sdi- 
Hon,    1  vol.  small  8vo,  is.  6d.  sewed ;  5s.  doth. 

"  The  author  does  not  overioad  his  eubjeet  with  needlen  details,  wlddi  is 
the  Tice  of  some  snch  books,  but  he  confines  the  read«  to  ttiose  pdnts  xaSj 
which  he  oogfat  to  be  wsU  acqnalnted  with,  and  these  he  explains  in  a  dear 
and  simple  way.  "'^-GardmerV  Chronicle, 

THE  USE  OF  THE  BLOWPIPE  IN  THE  EXA- 
MINATION OF  MINERALS,  ORES,  FURNACE  PRO- 
DUCTS, AND  OTHER  METALLIC  COMBINATIONS. 
By  Professor  C.  F.  Plattner,  Assay-Master  at  the  Royal 
Freyberg  Smelting  Works.  Transli^ted  from  the  German, 
with  Notes,  by  Dr.  Jambs  Sheridan  Miwprat^  of  the 
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University  College  and  Gieeeen  Lftbontories.  With  a  Pre- 
&ce  by  Professor  Libbig.  Illustrated  by  uiunerous  Wood 
Engravings.    One  voL  8vo.  10«.  6d. 

*'Th!8  Instmmeiit  Is  of  the  highest  value  to  the  chemist,  mologlst,  and 
mfaieraloglst,  as  a  meons  of  ascertainliig,  in  a  fev  minutes,  idth  the  greatmt 
accara<7,  all  the  constituents  of  a  mlneraL  Mr.  Plattner's  work  is  the 
simplest  and  the  hest  adapted  for  this  purpose,  as,  hesides  the  methods  of 
Oalen,  Berselins,  and  Gustavus  Bose,  it  emhraoes  the  Tslnahle  results  of  his 
own  practical  experience.  The  translated  edition  is  stiU  ftirther  enlarged  hy 
Dr.  Mospiafet'sannotatloBt.*'— IiVU^. 

NEW  METHODS  OF  ALKALIMETRY,  AND  OF 
DETERMINING  THE  COMMEHaAL  VALUE  OF 
ACIDS»  AND  MANGANESE.  By  Drs.  Frkkniits  and 
Will,  Chemical  Assistants  in  the  University  of  Giessen. 
Edited  by  J.  Llotd  Bullock,  Member  of  the  Chemical 
Society^  and  late  of  the  Giessen  and  Paris  Laboratories. 
12mo,  4«.  doth. 

This  little  work  win  prove  of  the  highest  importance  to  Calico  Printers, 
Bleachen,  Dvets,  ManufaeturBrs  of  Soap,  Paper,  and  Pmstiate  of  Potash ; 
also  to  Chemists,  and  to  Dealers  in  Alkalies,  Adds,  ^. 

APPLICATION  OF  LIEBIG'S  PHYSIOLOGY  TO 
THE  PREVENTION  AND  CURE  OF  GRAVEL,  CAL- 
CULUS, AND  GOUT.  Bv  H.  Bbicb  Jones,  M.  A.,  Cantab. ; 
Licentiate  of  the  Royal  College  of  PhysicianSy  London ;  and 
Fellow  of  the  ChemioU  Society.    8to,  6«. 

"  In  thos  ezpraaring  our  opinion  of  the  practical  ralaa  of  this  pnhllcation.  It 
is  saUsfactcoy  to  find  onrselves  supported  hy  Professor  LieUg  himself,  under 
whose  inunediato  supcaintendence  and  sanction,  a  translation  into  German  is 
now  prepaxing."— PAamMcetit.  JotamaL 

INSTRUCTIONS  FOR  MAKING  UNFERMBNTED 
BREAD,  with  Observations  on  its  Properties,  Medicinal  and 
Economic.  By  A  Physician.  Twelfth  Edition,  cont€Unvitff 
the  New  Fomwke,    8yo,  Sd, ;  or,  Postage  free^  id» 

"  The  author,  by  dirsctlng  attention  to  a  subject  of  the  highest  importance 
in  a  social  and  economical,  as  well  as  a  medical  point  of  view,  has  rendered  a 
great  serrice  to  itnviMlc.'*— Edinburgh  Medical  and  Surgical  Journal, 

'*  We  reeommend  this  Pamphlet  to  the  sertous  attention  of  the  public."— 

NATURAL    PHILOSOPHY. 

P0TTBR*8  ELEMENTARY  TREATISE  ON  ME- 
CHANICS, for  the  use  of  the  Junior  University  Students. 
By  RicHJkBD  PoRBB,  A.M.,  Ute  Fellow  of  Queen's  Colle^, 
Cambridffe,  Professor  of  Natural  Philosophy  in  University 
College,  liondon.  8vo,  with  numerous  Diagrams.  8*.  6a. 
doth. 
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NATURAL  PHILOSOPHY— «m<MM»«d. 

POTTER'S  ELEMENTARY  TREATISE  ON 
OPTICS.    Svoy  with  numerous  Diagrams.    Bs.  Sd.  ebth. 

This  volrnne  oontabu  aO  the  requisite  propoiitioiis  carried  to  flnt  approzl- 
nutlons ;  end  the  oonstractioii  of  Kefle«ting  and  Hefractfaig  Tdeioopea  and 
MleroBoopee,  the  Solar,  Ozyhydiogen  and  Lncemal  Mkroscopea ;  the  Magic 
and  PhantaMttagoria  Lantern ;  the  Dagaerreolgrpe ;  Camera Oboema:  Hadley'g 
Sextant  and  Reflecting  Clicles;  the  Optical  Square;  the Seraw  Micrometer; 
the  Goniometer,  &e. 

YOUNG'S  LECTURES  ON  NATURAL  PHILO- 
SOPHY AND  THE  MECHANICAL  ARTS.  A  New 
Edition,  with  References  and  Notes,  by  the  Rev.  P.  Kella.nd, 
M.A.,  F.RS.  London  and  Edinbui^,  late  Fellow  of  Queen's 
College,  Cambridge,  Professor  of  Mathematics,  &e.  in  the 
University  of  Edinburgh.  2  vols.  8vo,  with  43  Copper  Plates. 
H.  4<.  doth. 

'*  All  who  8eek  information  should  know  that  Toong  b  not  merely  a  popnlar 
writer,  hut  by  far  the  most  popular  of  those  whose  aeeuxaey  can  he  reBed  <m 
in  a  Tast  range  of  soMents,  and  who  have  aetoaUy  written  ttanra^  that  xaagis.** 
— Athenaum. 

TWELVE  PLANISPHERES,  forming  a  Guide  to  the 
Stars  for  everv  Night  in  the  Year,  with  an  latrodaetioQ. 
8vo.     6<.  6(i.  cloth. 

MATHEMATICAL   TABLES. 

BARLOW'S  TABLES  OF  SQUARES.  CUBES, 
SQUARE  ROOTS,  CUBE  ROOTS,  and  RECIPROCALS, 
up  to  10,000.  Stereotype  Edition,  examined  and  Corrected. 
Uinder  ^  SuperitUmdence  of  the  Society  for  ike  D^fiuum  €ff 
Useful  Knovkedge.    Royal  12mo.  8«. 

'*  They  will  be  found  usefol  to  the  more  sdentifle  daas  of  Englnaeiis  and 
Burrsyors,  for  immediately  ohtaining  resoits  idiidi  axe  now  nauaUy  got  by 
logarithmic  calculation,  or  the  sliding  rule ;  to  actuaries  (in  the  table  of  reci- 
procals) ;  to  schoolmasters,  for  obtaining  examples  of  the  ordinary  ndea  of 
Arithmetic ;  to  all,  in  CMt,  who  are  caleiuators  by  efaolee  ornaosssiiy,  thimg^ 
of  course  to  some  mors  than  to  others.  '*—Pr^fixee. 

TABLES  OF  LOGARITHMS.  COMMON  AlH) 
TRIGONOMETRICAL,  TO  FIVE  PLACES.  Under  tit 
Supermtendence  of  the  Society  for  the  Diffwion  c/  lU^vl 
Knowledge,    Foolscap  8vo.    3«.  sewed. 


ADVERTISEMENTS. 


EDUCATIONAL   MODELS 

FOB  THE  USE  OP  8CHOOIJ8,  MECHANICS*  INSTITUTIONS, 
AND  FOE  PRIVATE  INSTRUCTION. 

A  Set  of  Apparatus  for  Hydrostatics,  Hydraulics,  and 
Pneumatics ;  with  a  Pamphlet  contaming  full  Deecriptiona 
and  Directions  for  Performing  many  Experiments.  Price 
6^  6«.  in  a  box* 

Apparatus  for  Cohesion,  CapiUary  Attraction,  Electric 
and  Magnetic  Attraction,  Impenetrability  and  Inertia ;  with 
Descriptions  and  Diagrams.    Price  2]«.  in  a  box. 

A  Machine  for  Illustrating  Centrifugal  Motion ;  including 
a  representation  of  the  Governor  of  a  Steam  Engine.  In  a 
box,  lOs. 

Attwood's  Machine  for  Explaining  the  Laws  of  Falling 
Bodies :  with  Apparatus  attached  Tot  lUustrating  the  Theory 
of  the  Pendulum.  Price  of  Attwood*s  Machine,  with  a 
^  Companion,**  21,  2ff. ;  additional  Apparatus,  for  the  Pen- 
dulum, II,  It. 

Sets  of  Mechanical  Powers ;  containing  the  Lever — 
Wheel  and  Axle~A  Series  of  Pulleys— The  Inclined  Plane 
— ^Wedge — Screw ;  with  Examples  of  the  Parallelogram  of 
Forces— Centre  of  Gravity — Friction — CoUiuon  of  Elastic 
Bodies — Compound  Lever.  £    t.   d, 

1.  For  large  Lecture-rooms  (size  of  the  frame :  height 

3 feet  1  inch;  width,  3 feet)  .  .880 

2.  For  Schools  and  smaller  Lecture-rooms  (height  of 

the  frame,  2  feet  6  inches ;  width,  2  feet  3  inches)      5    5    0 

3.  A  SmaUer    Set,  omitting  the  Parallelogrsm  of 

Forces  and  CoUidon  of  Elastic  Bodies  (height 
of  the  frame,  2  feet  1  inch ;  width,  1  foot  11^ 
inches)   .  .  .  .  .  .    2  12    6 

4.  A  Commoner  Set  (height  of  the  frame,  2  feet; 

width,  19  mehes)  .  .  .  .16    3 

Apparatus  for  Magnetism.     Price  I85.  in  a  box. 

The  Bent  Lever.     Convertible  into  a  Bent  Lever  or 

Toggle   Joint   Press.     With  weights  and   a  description. 

PrS  10#. 
A  Train  of  Spur  Wheels,  mounted  on  a  Mahogany  Stand, 

with  weights.    Price  2]«.  in  a  box. 
A  Double  Inclined  Plane*  with  an  Application  of  the 

Ck>mposition  and  Resolution  of  Forces.    In  a  box,  10«. 
A  Portable  Hydrostatic  Bellows ;  with  Description  and 

Diagram,  induding  a  weight.    Price  21«.  in  a  box. 


ADVERTISEMENTS. 


EDUCATIONAL  MODEI^-cofKtmied. 

A  Sectional  Model  of  the  Steam  Engine  ;  by  which  the 
motionfi  of  the  Beveral  parts,  its  internal  structure,  and  the 
high  and  low  pressure  principles,  can  be  easily  explained. 
Price  21,  28.  in  a  box. 

A  Pyrometer,  for  Showing  the  Expansion  of  Metals. 
Price  15<. 

Diagrams  in  Wood,  to  Illustrate  Dr.  Lardner's  Eoclid. 
Solid  Geometry,  Book  I.    Price  7<.  6d. 

Geometrical    Solids.       The    Fire    Regular    Solids. — 

I.  Tetrahedron ;  2.  Octahedron ;  3.  Icosahedron ;  4.  Hexa- 
hedron ;  5.  Pentagonal  Dodecahedron ;  6.  Rhomboidal  Do- 
decahedron ;  7.  Bipyramidal  Dodecahedron ;  8.  Trapez(die- 
dron.  Pyiumidb. — 9.  Triangular ;  10.  Quadrilateral;  11. 
Hexagonal;  12.  Octagonal.  Prisks. — 13.  Triangular ;  14. 
Quadrilateral ;  15.  Hexagonal ;  16.  Octagonal. — 17.  Sphere. 
18.  Cylinder.     19.  Cone.     The  Set  in  a  box,  9«. 

Another  Set,  containing  the  Conic  Sections.    Price  16«. 

A  Larger  Set.     Price  IL  11«.  6d. 

An  Instrument  for  Teaching  Geometry;  conyertiblo 
into  a  Theodolite,  Spirit  Level,  Hadley's  Sextant,  and  Wol- 
laston's  Goniometer.     Price  22. 12«.  6d.  in  a  box. 

A  Pair  of  Large  Dividers,  for  making  Diagrams  on  a 
black  board.    Price  4«. 

MINASrS  MECHANICAL  DIAGRAMS. 

For  the  Use  of  Lecturers  and  Schools.  Complete  in  five 
Numbers,  each  containing  Three  Sheets  of  Diagrams,  price 
Bs.  each  Number,  colourod,  illustrating  the  following  sub- 
jects : — 1  &  2.  Composition  of  Forces. — 3.  Equilibrium.— 
4  &  5.  Levers. — 6.  Steelyard,  Brady  Balance,  and  Danish 
Balance.— 7.  Wheel  and  Axle.— 8.  Inclined  Plane.— 9,  10, 

II.  Pulleys.— 12.  Hunter'sScrew,— 13&14.  Toothed  Wheels. 
— 15.  Combination  of  the  Mechanical  Powers. 

The  Diagrams  are  printed  on  large  sheets  of  paper,  measuring 
2  feet  1 1  inches  by  2  feet  This  size  will  be  found  suited  for 
large  lecture  rooms. 


TAYLOR  AND  WALTON,  28,  UPPER  GOWER  STREET. 


J 


This  book  should  be  returned  to 
the  Library  on  or  before  the  last  date 
stamped  below,  ^ 

A  fine  of  five  cents  a  day  is  incurred 
by  retaining  it  beyond  the  specified 

time. 

Please  return  promptly* 


